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INTRODUCTION
In  the  co u rse  o f  the B a e y e r - V i l l i g e r  o x i d a t i o n  o f  a 
k e t o n e ,  i n i t i a l  a d d i t i o n  of  peroxy  a c id  t o  the  c a rb o n y l  group 
forms a hydroxyperoxy e s t e r .  This s u f f e r s  c le av a g e  to  form 
an e l e c t r o n - d e f i c i e n t  ion  which undergoes  rea r ran g em en t  t o  an 
e s t e r  o r  a l a c t o n e .  The m ig r a t o r y  ap t i tude  of  g roups i n  the  
r ea r ran g em en t  i s  p r o p o r t i o n a l  t o  t h e i r  c a p a c i t y  f o r  e l e c t r o n  
r e l e a s e .  Thus, in  s im ple  k e to n e s ,  the  group w i th  th e  g r e a t e r  
a b i l i t y  t o  s u s t a i n  p o s i t i v e  charge  in  the  t r a n s i t i o n  s t a t e  i s  
the  one which m ig r a t e s  d u r in g  h e t e r o l y s i s .
The im portance  o f  s t e r i c  e f f e c t s  in  c o n t r o l l i n g  the  
co u rse  of  th e  r e a c t i o n  has r e c e iv e d  c o n s id e r a b l e  a t t e n t i o n  
in  the  r e c e n t  l i t e r a t u r e .  In  the  p re sen ce  of  s u f f i c i e n t  
s t e r i c  h in d r a n c e ,  i t  i s  found t n a t  r e a r ran g em en t  occurs  in  
th e  d i r e c t i o n  c o n t r a r y  t o  t h a t  p r e d i c t e d  by m ig r a t o ry  a p t i t u d e  
s t u d i e s .  T h e re fo re ,  h i g h l y  h in d e re d  k e to n es  p ro v id e  ev idence  
f o r  complete  s t e r i c  c o n t r o l  w h i le  th e  b e h a v io r  of  simple 
ke to n es  seems to  be c o n t r o l l e d  by e l e c t r o n i c  f a c t o r s .
The work to  be p r e s e n te d  h e re  was u n d e r ta k e n  in  an 
e f f o r t  to  r e s o l v e  the  e x i s t i n g  enigma r e g a r d in g  the  r e l a t i v e  
im portance  of s t e r i c  and e l e c t r o n i c  e f f e c t s  in  th e  Baeyer— 
V i l l i g e r  r e a c t i o n .  While a ro m a t ic  c y c lo a lk a n o n e s  would seem 
to  p o s s e s s  unique s t r u c t u r a l  f e a t u r e s  f o r  an  i n v e s t i g a t i o n  of  
t h i s  t y p e ,  few reco rd ed  examples a r e  a v a i l a b l e .  I t  was 
p lanned  to  choose model ke tones  from t h i s  c l a s s  o f  compounds
2i n  view o f  th e  ex p ec te d  s u b t l e  d i f f e r e n c e s  in  s t e r i c  and 
e l e c t r o n i c  e f f e c t s .
3HISTORICAL
The o x i d a t i o n  of  k e to n es  t o  the  c o r r e s p o n d in g  e s t e r  
by the  use  of  p e r a c i d s  was f i r s t  d e s c r ib e d  by Baeyer  and 
V i l l i g e r . ^  In  a d d i t i o n  to  p e rm o n o s u l fu r ic  a c i d ,  which was 
used i n  th e  o r i g i n a l  i n v e s t i g a t i o n ,  p e ro x y b en z o ic ,  peroxy— 
a c e t i c ,  and t r i f l u o r o p e r o x y a c e t i c  a c id s  a r e  a l s o  commonly 
employed as  o x i d i z i n g  a g e n t s .  Evidence f o r  th e  g e n e r a l  
a p p l i c a b i l i t y  of th e  r e a c t i o n  i n  a v a r i e t y  o f  p r e p a r a t i v e  
s t u d i e s  has  been r e p o r t e d  by many i n v e s t i g a t o r s  and reviewed 
by H a s s a l l . 2
C o n s id e ra b le  a t t e n t i o n  has  been d i r e c t e d  towards  a 
more s a t i s f a c t o r y  u n d e r s t a n d in g  o f  th e  b a s i c  m e c h a n i s t i c  
f e a t u r e s  of the  r e a c t i o n .  The i n t e r m e d i a t e  peroxy  e s t e r ( I )  
was proposed by C r ie g e e .^
0
0 .|| HCk. .OOCR'
RCR + R! COsH ----------* ^  t  -------------------- * RCOs R + R'COs H
R R
( I )
The e x i s t e n c e  of  th e  i n t e r m e d i a t e  has  been confirmed by 
k i n e t i c  s t u d i e s  o f  th e  r e a c t i o n  w i th  a v a r i e t y  o f  k e to n e s .  
P r i e s s  and Soloway^- worked w i th  peroxybenzo ic  a c id  and ac id  
c a t a l y s t  i n  ch lo ro fo rm  w h ile  Hawthorne and Emmons used t r i — 
f l u o r o p e r o x y a c e t i c  a c id  and a c id  c a t a l y s t  in  e th y l e n e  c h l o r i d e
kb o th  concluded  t h a t  t h e  r e a c t i o n  i s  g e n e r a l  a c id —c a t a l y z e d .
The t r a n s i t i o n  s t a t e  i n  the  r a t e —d e te rm in in g  s t e p  must t h e r e ­
f o r e  be composed of  k e to n e ,  peroxy  a c i d ,  and a c id  c a t a l y s t .
In t h e  r e a c t i o n  of  oxygen—l a b e l e d  benzophenone w i th
£
peroxybenzo ic  a c i d ,  Doering and Dorfman showed t h a t  th e  c a i>  
bonyl oxygen in  th e  s t a r t i n g  ketone  becomes th e  ca rb o n y l  
oxygen in  the  r e s u l t i n g  e s t e r .  The i s o t o p i c  t r a c e r  s t u d i e s  
a r e  c o m p le te ly  c o n s i s t e n t  w i th  the  proposed mechanism in
which the  non—e q u iv a le n c e  of  oxygen atoms i s  e s s e n t i a l .
7Hawthorne and cow orkers '  i n v e s t i g a t e d  th e  p ro d u c t  
d i s t r i b u t i o n  o b ta in e d  i n  the  c leav ag e  of  pheny l  c y c lo h ex y l  
ke tone  w i th  b o th  p e r o x y a c e t i c  a c id  and t r i f l u o r o p e r o x y a c e t i c  
a c id  u nder  the  same r e a c t i o n  c o n d i t i o n s .  The com parison  showed 
t h a t  a s m a l l e r  p e r c e n ta g e  of  phenyl  m ig r a t io n  o cc u rs  i n  the  
p re se n c e  o f  p e r o x y a c e t i c  a c i d .  I n  o r d e r  t o  acco u n t  f o r  the  
d i f f e r e n c e  in  s e l e c t i v i t y  between m ig r a t in g  g ro u p s ,  i t  was 
concluded  t h a t  group m i g r a t i o n  and a c id  c a t a l y z e d  h e t e r o l y s i s  
of  the  p e ro x id e  bond a r e  c o n c e r t e d .
The r a t e —d e te rm in in g  s t e p  was e s t a b l i s h e d  f o r  the  
r e a c t i o n  o f  t r i f l u o r o p e r o x y a c e t i c  a c id  w i th  a v a r i e t y  of  sub­
s t i t u t e d  ace tophenones  in  e th y le n e  c h l o r i d e  and a c e t o n i t r i l e  
a t  2 9 .8 ° .  Hammett p l o t s  o f  r a t e  da ta  v s .  6 gave n e g a t iv e  
p—v a lu e s  f o r  b o th  s o l v e n t s .  As g e n e r a l l y  observed in  c a r ­
bony l  a d d i t i o n s  r e a c t i o n s ,  one would ex p e c t  p o s i t i v e  p - v a lu e s  
i f  th e  r a t e —d e te rm in in g  s t e p  were the  a d d i t i o n  of  peroxy  a c id  
t o  the  c a rb o n y l  g roup .  E v id e n t ly  the  slow s t e p  i s  th e  a c id —
5c a t a l y z e d  decom pos i t ion  o f  th e  i n t e r m e d i a t e  peroxy  e s t e r .  
F u r th e rm o re ,  th e  f a c t  t h a t  t r i f l u o r o p e r o x y a c e t i c  a c id  r e a c t s  
w i th  cyc lohexanone 200 t im es  f a s t e r  th an  p e r o x y a c e t i c ,  can 
o n ly  be e x p la in e d  by the  g r e a t e r  f a c i l i t y  o f  th e  fo rm e r  a c id  
as  a l e a v i n g  g roup .
These same a u t h o r s  a t te m p te d  t o  c o r r e l a t e  th e  Baeyer*- 
V i l l i g e r  r e a c t i o n  r a t e s  w i th  th e  ox im at ion  r a t e s  f o r  th e  same 
group of  k e t o n e s .  A lthough  no l i n e a r  r e l a t i o n s h i p  e x i s t s ,  i t  
was found t h a t  th e  r e s u l t s  could  be r a t i o n a l i z e d  on the  b a s i s
of  a f a s t  and r e v e r s i b l e  f o rm a t io n  o f  th e  i n t e r m e d i a t e  peroxy
q
e s t e r ,  f o l lo w ed  by a r a t e —dete rm ing  d ec o m p o s i t io n .
From p ro d u c t  s t u d i e s  i n v o lv i n g  th e  r e a c t i o n  o f  un—
sy m m etr ica l  k e to n es  w i th  peroxy a c i d s ,  i t  i s  g e n e r a l l y  ag reed
t h a t  th e  m i g r a t o r y  a p t i t u d e  of  a r y l  g roups  i s  enhanced by
e l e c t r o n - r e l e a s i n g  s u b s t i t u e n t s  and r e t a r d e d  by e l e c t r o n -
w i thdraw ing  s u b s t i t u e n t s .  To accommodate t h i s  m ig r a t io n
sequence ,  th e  a r y l  group must assume a con fo rm a t io n  i n  which
the  IT —e l e c t r o n s  o f  th e  r i n g  may e f f e c t i v e l y  o v e r l a p  w i th
7 8 9th e  i n c i p i e n t  p—o r b i t a l  of  the  a d j a c e n t  oxygen atom. *
The t r a n s i t i o n  s t a t e ,  r e p r e s e n t e d  by s t r u c t u r e  I I ,
HO HOCOOF
I I
g a in s  a d d i t i o n a l  f a v o r  i n  view of  the  ab n o rm a l ly  low m igra ­
t o r y  a p t i t u d e s  of  pheny l  groups w i th  o r t h o —s u b s t i t u e n t s ,  
which would be expec ted  t o  i n t e r f e r e  w i th  r o t a t i o n  to  the  
p r e f e r r e d  c o n fo rm a t io n .  For  a v a r i e t y  of  u n s y m m e t r ie a l ly  
s u b s t i t u t e d  benzophenones , S a u n d e r s '^  has  d em o n s t ra ted  t h a t  
the  o r th o  a f f e c t  can assume com plete  c o n t r o l  o f  th e  d i r e c t i o n  
o f  m i g r a t i o n  of  a r y l  g roups  when o t h e r  f a c t o r s  a re  ap p ro x i ­
m a te ly  e q u a l .  In  th e  o x i d a t i o n  o f  2 , Ip d ic h lo ro b e n z o p h e n o n ©  
(III) w i th  p e r o x y a c e t i c  a c i d ,  th e  on ly  p ro d u c t  (IV) i s  t h a t  









For  the  ca se  of  a l k y l  g roup  m i g r a t i o n  th e  s i t u a t i o n  
i s  n o t  q u i t e  so w e l l  d e f i n e d .  The observed o r d e r  of  migra­
t o r y  a p t i t u d e s  ( t e r t i a r y  > secondary  > p r im ary )  i s  r e a d i l y  
e x p la in e d  on th e  b a s i s  o f  the  a b i l i t y  o f  th e  m i g r a t i n g  group 
t o  s u s t a i n  p o s i t i v e  cha rge  in  the  t r a n s i t i o n  s t a t e .  Those 
a l k y l  g roups which can s t a b i l i z e  th e  p o s i t i v e  cha rge  by e i t h e r
h y p e r c o n j u g a t io n  o r  by i n d u c t i v e  e l e c t r o n  r e l e a s e ,  o r  b o th ,
8 9have s u p e r i o r  m ig r a t o r y  a b i l i t i e s .
77Hawthorne and coworkers  s u g g e s t  an a l t e r n a t i v e  ex­
p l a n a t i o n  on th e  b a s i s  o f  r e s u l t s  o b ta in e d  in  th e  o x i d a t i o n  
of  a l k y l  pheny l  k e to n es  w i th  t r i f l u o r o p e r o x y a c e t i c  a c i d .  
Because o f  the  r e l a t i v e l y  sm a l l  r a t i o  o f  m ig r a t o ry  a p t i t u d e s  
f o r  e t h y l  va .  t —b u t y l  ( 1/ 5 5 5 ) as  opposed to  th e  r a t e  r a t i o  
f o r  th e  s o l v o l y s i s  of  th e  c o r r e s p o n d in g  h a l i d e s ,  e t h y l  v s . 
t —b u t y l  ( l / l O 6 ) ,  i t  ap p e a r s  t h a t  the  carbonium ion  c h a r a c t e r  
o f  th e  m ig r a t in g  group in  V i s  n o t  v e ry  im p o r ta n t .  The r e ­
a r rangem en t  may be governed by s t e r i c  r e q u i r e m e n ts  f a v o r i n g  
the  con fo rm a t io n  in  which th e  l e a v i n g  c a r b o x y l i c  a c id  m o ie ty  
i s  s t a g g e r e d  between th e  s m a l l e r  a l k y l  group and the  sm all  
h yd ro x y l  group as shown in  VI. In  t h i s  s i t u a t i o n  th e  more 
bu lky  a l k y l  group could  e n t e r  the  t r a n s i t i o n  s t a t e  t r a n s . to  




As r e a l i z e d  by t h e s e  a u t h o r s ,  n e i t h e r  e l e c t r o n i c  
e f f e c t s  n o r  s t e r i c  e f f e c t s  p ro v id e  an e n t i r e l y  s a t i s f a c t o r y  
argument f o r  i n t e r p r e t i n g  a l l  o f  the  e x p e r im e n ta l  d a t a .  I t  
seems t h a t  b o th  e f f e c t s  a r e  o p e r a t i v e ,  and b o th  must be 
e v a lu a t e d  in  o r d e r  t o  p r e d i c t  th e  d i r e c t i o n  of  m ig r a t io n  f o r  
a p a r t i c u l a r  s u b s t r a t e .
More r e c e n t l y ,  Meinwald and P r a u e n g l a s s ^  have d i s —
8cussed  a somewhat d i f f e r e n t  s t e r i c  c o n s i d e r a t i o n  f o r  the  
r ea r r a n g em en t  o f  a l k y l  g roups  i n  b i c y c l i c  sy s tem s .  As op— 
posed t o  th e  f av o red  t r a n s  m i g r a t i o n  advanced in  the  p re ­
v io u s  a rgument,  i t  i s  assumed t h a t  the  f a v o red  p a t h  of  m igra­
t i o n  p ro cee d s  th ro u g h  a t r a n s i t i o n  s t a t e  r e sem b l in g  a c h a i r  
c o n fo rm a t io n .  The a l t e r n a t e  p a t h  f o r  th e  m ig r a t io n  i s  ex­
cluded  s i n c e  i t  r e sem bles  a b o a t  co n fo rm a t io n  of  much h ig h e r  
en e rg y .  For  example, in  th e  B a e y e n - V i l l i g e r  o x i d a t i o n  of  
camphor, t h e  e q u i l i b r a t e d ,  i n t e r m e d i a t e  peroxy  e s t e r s  V i la  and 
V llb  undergo  rea r ran g em en t  t o  b o th  i so m er ic  l a c t o n e s  V i l l a  
and V I I l b .  Prom the  i n t e r m e d i a t e  peroxy e s t e r s  IXa and IXb o f  
b i c y c l o  [ 2 , 2 , l j  hep tanone—2 , t h e r e  i s  found o n ly  the  l a c to n e  
X r e s u l t i n g  from b r id g e  m i g r a t i o n .  These r e s u l t s  a re  ex­
p l a in e d  i n  te rms of  th e  b a la n c e  between th e  e q u i l i b r i u m  con­
c e n t r a t i o n s  o f  the  i n t e r m e d i a t e s  and t h e i r  c o m p e t i t iv e  r a t e s  
o f  r e a r r a n g e m e n t .
;C~R C-R
V ila V llb
b c
V i l l a V U Ib
9In the  r e a r ra n g e m en t  o f  V i l a ,  m i g r a t i o n  v ia  p a t h  a 
in v o lv e s  a t r a n s i t i o n  s t a t e  r e sem b l in g  the  b o a t  co n fo rm a t io n  
w h i le  m ig r a t io n  v ia  p a th  b in v o lv e s  a low er  ene rgy  t r a n s i t i o n  
s t a t e  o f  the  c h a i r  c o n fo rm a t io n .  One would ex p e c t  the  e l e c ­
t r o n i c a l l y  un favored  l a c t o n e  V i l l a  from i n t e r m e d i a t e  V i la  by 
p a t h  b which i s  s t e r i c a l l y  f a v o r e d ,  bu t  n o t  from V llb  by 
p a t h  d, which i s  s t e r i c a l l y  and e l e c t r o n i c a l l y  u n fa v o re d .
The e l e c t r o n i c a l l y —fav o red  l a c t o n e  V U Ib  would be expec ted  
from in t e r m e d i a t e  V llb  by p a t h  c on the  b a s i s  of  s i m i l a r  
c o n s i d e r a t i o n s .  Because of  the  absence of  the  b r id g e  m ethy l
IXbIXa
groups i n  IXa and IXb, the  e q u i l i b r i u m  p o s i t i o n  would be 
r e v e r s e d .  Since l a c to n e  X i s  the  only  p ro d u c t  formed, i t  
would seem t h a t  the  r e l e a s e  of  s t e r i c  com press ion  In  the  
t r a n s i t i o n  s t a t e  has  f av o red  the  e x c lu s iv e  f o r m a t io n  o f  the  
s t e r i c a l l y  and e l e c t r o n i c a l l y  f av o red  p r o d u c t .
In  the  extreme case  of  d , l«-»epicamphor (X I).  s t e r i c  
e f f e c t s  have been shown to  compete s u c c e s s f u l l y  w i th  e l e c —
10
t r o n i c  e f f e c t s  In  de te rm in g  th e  d i r e c t i o n  o f  a l k y l  group 
m i g r a t i o n .  d~ $  ^ C am pho l lde (X II ) was o b ta in e d  in  9 p a r
( ^ \  CH3C03H
~~ -►
XI °  XII
12c e n t  y i e l d .  Sauers  and Ahearn i n v e s t i g a t e d  a v a r i e t y  of  
b l c y c l l c  k e to n es  of  t h i s  type  and observed  t h a t  —methyl 
g roups on a b r id g eh e ad  have an u n u s u a l ly  l a r g e  r a t e —r e t a r d i n g  
e f f e c t ,  which th ey  a t t r i b u t e  to  a d e c re a s e  i n  c o n c e n t r a t i o n  
o f  the  i n t e r m e d i a t e  peroxy  e s t e r  because  o f  e c l i p s i n g  of  the  
addend w i th  the  m ethy l  g ro u p s .
11
RESULTS
I .  PREPARATION OF KETONIC STARTING MATERIALS
The method o f  p r e p a r a t i o n  o f  acenaph thenequ inone
13
(X II I )  was e s s e n t i a l l y  t h a t  of  I l l i n g w o r t h  and P e t e r s .
The G rignard  r e a c t i o n  has been shown t o  g iv e  t r a n s —I ,2—
d ip h e n y lac e n a p h th en e—1 ,2 —didL (XIV), ^  which was r e a d i l y  re-
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The p r e p a r a t i o n  o f  2 ,2 —d im e thy lacenaph thenone  (XVIII)
was a t tem p te d  by the  same s y n t h e t i c  r o u t e  d e s c r ib e d  above.
The G rignard  r e a c t i o n  in  t h i s  case  le d  to  a m ix tu re  of c i s —
16and t r a n s —1 , 2 - d im e t h y la c e n a p h th e n e - 1 ,2—d i o l  (XVI). The 
p i n a c o l  rea r ran g em e n t  w i th  io d in e  and a c e t i c  a c id  was unsuc—
12
c e s s f u l ,  1 ,2 —dim e th y len eacen ap h th en e  (XVII) b e in g  th e  o n ly  
p ro d u c t  i s o l a t e d .  The same r e a r ran g em en t  w i th  p o lyphos— 
p h o r ic  a c id  was s i m i l a r l y  u n s u c c e s s f u l  and no f u r t h e r  e f f o r t  
was made t o  p r e p a r e  the  ke tone  XVIII.
OH OH








The c y c l i z a t i o n  of  1—n a p h t h y l a c e t i c  a c id  (XIX) was
c a r r i e d  ou t  a c c o rd in g  to  the  p ro ced u re  d e s c r ib e d  by Green 
17and Hey. The r e a c t i o n  could  n o t  be e f f e c t e d  on a l a r g e r  
s c a l e  w i th o u t  an accompanying d e c re a s e  i n  y i e l d ,  and e f f o r t s  
t o  i n c r e a s e  th e  y i e l d  by v a ry in g  the  r e a c t i o n  c o n d i t i o n s  
were u n s u c c e s s f u l .  The a l t e r n a t e  r o u t e  chosen f o r  th e  p r e ­
p a r a t i o n  o f  XX invo lved  th e  c o n v e rs io n  o f  acenaph thene  to
1 Q
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Tha p r e p a r a t i o n  o f  ^—methyoxy—l —n ap h th y 1a c e t i c  a c id
XXIX was I n i t i a l l y  a t t e m p te d  by th e  method of  Agata and c o -
w o r k e r s . ^  S ince  th e  y i e l d  of  o rg a n ic  m a t e r i a l  o b ta in e d  by
t h i s  p ro c ed u re  was n e g l i g i b l e ,  an a l t e r n a t e  s y n t h e s i s  was
chosen ,  ©—.Anisidin©, used a s  s t a r t i n g  m a t e r i a l ,  was co n v e r ted
t o  th e  c o r r e s p o n d in g  diazonium s a l t  and decomposed w i t h  c u -
* 20prous  bromide t o  o -b ro m o a n iso le  (XXII) .  The G rignard  r e a c ­
t i o n  (XXII XXIII) i s  exo therm ic  and c o n s i d e r a b l e  c a re  
shou ld  be t a k e n ,  d u r in g  the  a d d i t i o n  o f  e t h y l e n e  o x id e ,  n o t
to  i n h i b i t  th e  r e a c t i o n  by e x c e s s iv e  c o o l i n g .  The a l c o h o l
21XXIII,  o b ta in e d  on h y d r o l y s i s ,  was c o n v e r ted  by way o f  the
22bromide XXIV to  the  m alonic  a c i d .  D ec a rb o x y la t io n  a t  1 7 5 °
17l e d  t o  o -m e th o x y p h en y lb u ty r ic  a c i d  (XXV).
1) HNOs , HBr
2 )  CuBr
r 1) Mg, e t h e r
OCHa och3
XXII 90%






XXIV 72% XXIII 59%




C y c lo d e h y d ra t io n  o f  XXV by th e  method of  L o c k e t t  and
assumed t o  be th e  c o r r e s p o n d in g  gem—d i h a l i d ® . I t  seems 
r e a s o n a b l e ,  I n  th e  p re se n c e  o f  ex c e s s  phorphous o x y c h l o r id e ,  
t h a t  t h i s  c o n v e r s io n  could  o c c u r  d u r in g  th e  work—up o f  a l a r g e  
r e a c t i o n  m i x t u r e .  I f  t h i s  were the  c a s e ,  h y d r o l y s i s  o f  t h e  
d i h a l i d e  XXVI would r e g e n e r a t e  the  ke to n e  XXVII. I t  was found 
t h a t  t r e a tm e n t  w i th  s u l f u r i c  a c id  a t  r e l a t i v e l y  low tempera­
t u r e  d id  c o n v e r t  th e  i n i t i a l  p ro d u c t  to  XXVII w i th  th e  ex c lu ­
s io n  o f  th e  u n d e s i r e d  c o n d e n s a t io n  p r o d u c t s .
23S h o r t  d id  n o t  g iv e  5 - m a th o x y te t r a lo n e  (XXVII), b u t  what was
The ke tone  was s u b j e c t e d  to  th e  c o n d i t i o n s  o f  th e
15
Reform atsky  r e a c t i o n ;  a f t e r  d e h y d r a t io n  and s a p o n i f i c a t i o n  
th e  d i h y d r o n a p h t h y l a c e t i c  a c id  XXVIII was fo rm ed .  Dehydro—
g e n a t i o n  o f  XXVIII, fo l lo w ed  by t r e a t m e n t  w i t h  p o ly p h o s p h o r ic
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The s t e p s  Invo lved  i n  th e  s y n t h e s i s  o f  hydr indone  
XXXI were based  on d i r e c t i o n s  a l r e a d y  d e s c r i b e d  in  d e t a i l . 2^
16
The fo rm a t io n  o f  —(1—n a p h t h y l ) —p r o p io n ic  a c id
of>
XXXIV was accom plished  v ia  th e  m alonic  e s t e r  s y n t h e s i s
27w i th  1—ch lo ro m e th y ln a p h th a la n e  (XXXII). Two d i f f e r e n t  
p ro c e d u re s  were used f o r  th e  c y c l i z a t i o n  t o  2 , 3"-dihydro— 
phena lone  (XXXV). r e l a t i v e l y  low y i e l d  was o b ta in e d  from
th e  F r i e d e l —C r a f t s  i n t r a m o l e c u l a r  a c y l a t l o n  by th e  method o f
pQ
Darzens and Levy. The p ro d u c t  was h i g h l y  c o lo re d  and v e ry
d i f f i c u l t  t o  p u r i f y .  The same c y c l i z a t i o n ,  e f f e c t e d  w i th
anhydrous  hyd rogen1 f l u o r i d e ,  produced a much p u r e r  m a t e r i a l
26i n  c o n s i d e r a b l y  b e t t e r  y i e l d .  The p e r c e n ta g e  y i e l d s  and 
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CHS 2) a : XXXV 19$
xxxv 55$ +
Chapman and W il l iam s 29 have i n v e s t i g a t e d  th e  r e a c ­
t i o n  o f  IMDromosuccinimide w i th  3 - m e th y l n a p h th a l e n e . In a 
t y p i c a l  ru n  th e y  r e p o r t e d  t h a t  th e  d i s t i l l a t i o n  o f  2—bromo— 
m e th y In a p h th a len e  was c a r r i e d  o u t  a t  160 m i l l i m e t e r s  p r e s s u r e .  
An a t t e m p t  was made t o  d i s t i l l  t h i s  m a t e r i a l  a t  t h r e e  m i l l i ­
m e te r s  p r e s s u r e ,  b u t  a f t e r  th e  e x c e s s  hyd roca rbon  was removed 
th e  p r o d u c t  began  t o  decompose r a p i d l y .  The d i s t i l l a t i o n  was 
s topped  and r).o f u r t h e r  e f f o r t  was made t o  p u r i f y  th e  p r o d u c t .  
The c ru d e  h a l i d e  was c o n v e r t e d  to  th e  c o r r e s p o n d in g  m alonic  
e s t e r ,  s a p o n i f i e d ,  and d e c a r b o x y la t e d  w i t h o u t  i s o l a t i o n  o r  
p u r i f i c a t i o n  o f  th e  i n t e r m e d i a t e s . This  sequence  o f  r e a c t i o n s  
l e d  t o  —2 - n a p h th y lp r o p io n io  a c id  XXXVI i n  p o o r  y i e l d .  The
a c id  XXXVI was th en  c y c l i z e d  w i th  s t a n n i c  c h l o r i d e  t o  l|.,5—
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I I .  BAEYER—VILLIG-ER OXIDATION OP KETONES
In  a p r e l im i n a r y  s tu d y  to  f i n d  a s u i t a b l e  r e a g e n t  f o r  
e f f e c t i n g  th e  Baeyer—V i l l i g e r  o x i d a t i o n  o f  a ro m a t ic  c y c lo a l k a — 
nones ,  2 , 2—d ip h en y lac en ap h th en o n e  (XV) was t r e a t e d  w i th  s e v e r a l  
peroxy  a c i d s .  The i n i t i a l  a t t e m p t  invo lved  the  use  o f  pennono™ 
s u l f u r i c  a c i d . ^  A f t e r  th e  r e a c t i o n  was a l lowed to  p roceed  f o r  
seven days a t  room te m p e r a tu r e ,  th e  on ly  m a t e r i a l  which could  
be i s o l a t e d  was unchanged k e to n e .  In su b seq u en t  a t t e m p t s ,  
com mercia l ,  IpO p e r c e n t  p e r o x y a c e t i c  a c id  was u se d .  A s e r i e s  
of  r e a c t i o n s  were performed in  g l a c i a l  a c e t i c  a c id  w i th  vari*~ 
a t i o n s  in  t e m p e r a tu r e ,  t im e ,  and amount of s u l f u r i c  a c id  
c a t a l y s t .  These a t t e m p ts  proved to  be u n s u c c e s s f u l ,  and e s t a b ­
l i s h i n g  a f a v o r a b l e  s e t  o f  r e a c t i o n  c o n d i t i o n s  w i th  t h i s  r e a ­
g e n t  appeared  t o  be a fo rm id ab le  t a s k .
The use of t r i f l u o r o p e r o x y a c e t i c  a c id  as  an e f f e c t i v e  
o x i d i z i n g  ag e n t  f o r  a v a r i e t y  o f  ke tones  was in t ro d u c e d  by 
Emmons and has  been  p r e v i o u s l y  d i s c u s s e d . 3 1 ,3 2  has  been 
shown to  be a s t r o n g  o x i d i z i n g  ag e n t  and can e a s i l y  be p r e ­
pared  by a d d i t i o n  of t r i f l u o r o a c e t i c  an h y d r id e  t o  a s l u r r y  of  
90 p e r c e n t  hydrogen p e ro x id e  in m ethylene  c h l o r i d e .  The use 
of  an e x c ess  of an h y d r id e ,
(C PgC 0)S 0 + Ha 0g --------- ^CPgCOgH + CPgCOjjH
s u f f i c i e n t  t o  r e a c t  w i th  the  w a te r  p r e s e n t  i n  th e  hydrogen 
p e r o x id e ,  p r o v id e s  an anhydrous r e a g e n t ,  to  which disodium 
hydrogen p hospha te  can be added in  o r d e r  t o  n e u t r a l i z e  t r i —
20
f l u o r o a c e t i c  a c i d .  Because o f  t h e s e  a d v a n ta g e s ,  t r i f l u o r o — 
p e r o x y a c e t i c  a c id  was chosen  f o r  t h i s  s tu d y .
When the  o x i d a t i o n  of  2 , 2—d ip h e n y lac e n a p h th en o n e  XV 
was c a r r i e d  o u t  w i t h  t h i s  r e a g e n t  a t  r e f l u x  t e m p e ra tu r e  i n  
m ethylene  c h l o r i d e  f o r  f o u r  and one—h a l f  h o u r s ,  a base s o lu b l e  
p ro d u c t  was o b t a i n e d .  R e c r y s t a l l i z a t i o n  from a l c o h o l  gave a 
whit© c r y s t a l l i n e  s o l i d  which m e l t s  above 235° w i th  a rang© 
i n d i c a t i v e  o f  a m ix tu re  assumed t o  b© XXXVIII and XXXIX. The 
a l t e r n a t e  r e a r r an g e m en t  p ro d u c t  has  a r e c o rd e d  m e l t i n g  p o i n t
bands a t t r i b u t a b l e  t o  an u n co n ju g a te d  J5_ —l a c t o n e  f u n c t i o n  
and an u n co n ju g a ted  a c id  f u n c t i o n .  The p r o d u c t  a l s o  r e a c t s  
p o s i t i v e l y  toward f e r r i c  c h l o r i d e .  An a t t e m p t  t o  c o n v e r t  a l l  
o f  t h e  m ix tu re  t o  l a c t o n e  by c y c l i z a t i o n  w i th  d i l u t e  s u l f u r i c  
a c id  was u n s u c c e s s f u l .
d a t i o n  of  u n s u b s t i t u t e d  acenaphthenone(XX.) Prom th e  r e s u l t s  
o b ta in e d  in  a v a r i e t y  o f  r u n s ,  i t  was p o s s i b l e  to  draw s e v e r a l  
c o n c l u s i o n s .  $n i n c r e a s e  i n  r e a c t i o n  t ime o r  ex c ess  peroxy  
a c id  o r  b o th  low ers  th e  m a t e r i a l  b a la n c e  o b ta in e d  from th e  
r e a c t i o n .  The r e l a t i v e  amounts of  s t a r t i n g  m a t e r i a l  and 
p r o d u c t ,  a s  ev idenced  by i n f r a r e d  s p e c t r o s c o p y ,  a f t e r  one hour
C00H





The i n f r a r e d  spec trum  o f  t h i s  m ix tu re  c o n t a in s
A more th o ro u g h  i n v e s t i g a t i o n  was made o f  th e  oxi—
21
rem ain  unchanged d u r in g  ex tended  r e a c t i o n  p e r i o d s ,  a l t h o u g h  
t h e r e  i s  a d e c re a s e  in  t o t a l  amount o f  m a t e r i a l  r e c o v e re d .
The absence  of  d isodium hydrogen p h o sp h a te  b u f f e r  l e a d s  t o  
a much g r e a t e r  deg ree  o f  c h a r r i n g  in  th e  r e a c t i o n  m ix t u r e ,  
which i s  accompanied by a d e c re a s e  i n  th e  amount o f  r e c o v e r —  
a b le  m a t e r i a l .
a t t e m p t s  to  f o l l o w  th e  p r o g r e s s  o f  t h e  r e a c t i o n  by 
u l t r a v i o l e t  s p e c t r o s c o p y  xjere t e d io u s ,  and th e  r e s u l t s  were 
co m p l ica ted  by th e  e r r o r  in t r o d u c e d  i n  d i l u t i o n s  w i t h  th e  
v o l a t i l e  s o l v e n t ,  m e thy lene  c h l o r i d e .  When th e  r e a c t i o n  was 
c a r r i e d  o u t  a t  c o n c e n t r a t i o n s  p r a c t i c a l  f o r  u l t r a v i o l e t  
a n a l y s i s ,  t h e r e  was no change la  abso rbance  o v e r  a p e r io d  of  
s i x  and one—h a l f  h o u r s .  The u se  o f  io d o m e t r ic  t i t r a t i o n s  f o r  
th e  d e t e r m i n a t i o n  o f  e x c e s s  t r i f l u o r o p e r o x y a c e t i c  a c id  
th ro u g h o u t  th e  r e a c t i o n ,  a s  d e s c r ib e d  by H a w t h o r n e , ^  was o f  
l i t t l e  v a lu e  because  o f  th e  c o l o r a t i o n  which deve loped  in  th e  
r e a c t i o n  m ix t u r e .  The most s a t i s f a c t o r y  method found f o r  
a n a ly z in g  th e  chem ica l  changes i n  t h i s  r e a c t i o n  was q u a l i ­
t a t i v e  i n f r a r e d  s p e c t r o s c o p y .
The o x i d a t i o n  o f  acenaph thenone  (XX) was fo l lo w ed  by 
quenching a l i q u o t s  from th e  r e a c t i o n  m ix tu re  a t  r e g u l a r  i n ­
t e r v a l s  and d e te rm in in g  t h e i r  I n f r a r e d  s p e c t r a .  The p re s e n c e  
o f  a band a t t r i b u t a b l e  to  an u n co n ju g a te d  —l a c t o n e  fu n c ­
t i o n  appeared  in  the  s p e c t r a j  t h i s  a b s o r p t i o n  was n o t  caused  
by t r i f l u o r o a c e t i c  a c id  as  was shown by a com parison  w i th  
th e  spectrum  o f  t h e  l a t t e r .
XX XL n e g l ig ib le
The r e l a t i v e  amounts o f  s t a r t i n g  m a t e r i a l  XX and 
p ro d u c t  XL, as  ev idenced  by th e  s p e c t r a  measured d u r in g  th e  
f i r s t  few h ours  o f  the  r e a c t i o n ,  d id  n o t  change a p p r e c i a b l y  
f o r  a r e f l u x  p e r io d  of  l51l h o u r s .  The p ro d u c t  XL was i s o ­
l a t e d  by column chromatography on ac id -w ashed  a lum ina ,  b u t  
n e v e r  in  g r e a t  enough q u a n t i t y  to  w a r r a n t  f u r t h e r  p u r i f i ­
c a t i o n .  The r e l a t i v e  amount o f  l a c t o h e  XL was sm a l l  i n  com­
p a r i s o n  w i th  unchanged ke to n e  XX, and e f f o r t s  t o  o b t a i n  a 
l a r g e r  sample were l i m i t e d  by th e  amount o f  l a c t o n i c  m a t e r i a l  
which could  be i s o l a t e d  by chrom atography .
Under th e  same r e a c t i o n  c o n d i t i o n s ,  —hydr indone  
(XXXI) was found to  r e a c t  smoothly  w i th  th e  peroxy  a c i d .  The 
p r o g r e s s  in  t h i s  r e a c t i o n  was fo l lo w ed  by io d o m e tr ic  t i t r a ­
t i o n ,  and a f t e r  f i v e  h ou rs  th e  consumption  of pe roxy  a c id  was 
e s s e n t i a l l y  com ple te .  The p ro d u c t  XLI was d i s t i l l e d  a t  a s p i ­
r a t o r  p r e s s u r e  and c h a r a c t e r i z e d  a c c o rd in g  t o  th e  f o l lo w in g  
scheme. M e l i l o t i c  a c id  (XLI3) was o b ta in e d  by b a s i c  h y d r o l y s i s
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o f  XLI and th e  m e l t i n g  p o i n t  82—3° i3  in  agreement w i t h  the  
r ec o rd e d  l i t e r a t u r e  v a l u e . ^5 on t r e a t m e n t  w i th  p a l la d iu m  on 
c h a r c o a l ,  XLI was c o n v e r t e d  t o  coum arin  (X L I I I ) ,  whose in f r a - ­
red  spectrum  i s  c o n s i s t e n t  w i th  t h i s  s t r u c t u r e  and i s  i n  com­
p l e t e  agreement w i th  the  spectrum  o f  an a u t h e n t i c  sam ple .  The 
d e t e r m i n a t i o n  o f  m ix tu re  m e l t i n g  p o i n t s  showed no d e p r e s s i o n .  
No ev id en ce  was found f o r  th e  a l t e r n a t e  r e a r ran g em en t  p r o d u c t ,  
i  s o—3 , 8 ihy  d roc ouma r l n .
The method o f  q u a l i t a t i v e  i n f r a r e d  a n a l y s i s ,  d e s c r ib e d  
f o r  th e  o x i d a t i o n  o f  acen ap h th en o n e ,  was a p p l i e d  i n  th e  r e ­
m ain ing  r e a c t i o n  s t u d i e s .  In  each  ca se  th e  i n i t i a l  spectrum  
was de te rm ined  a f t e r  th e  r e a c t i o n  was a l low ed to  p roceed  f o r  
a p p ro x im a te ly  f i v e  h o u r s .
In th e  o x i d a t i o n  o f  6—methoxyacenaphthenone (XXX)
2k
u n d e r  th e  same c o n d i t i o n s ,  a l i q u o t s  were examined p e r i o d i ­
c a l l y .  The on ly  s i g n i f i c a n t  change which appeared  i n  th e  
s p e c t r a  d u r in g  a 52—hour  r e f l u x  p e r io d  was due to  t r a c e s  of 
t r i f l u o r o a c e t i c  a c id  in  th e  r e a c t i o n  m ix t u r e .  The e t h e r -  
s o lu b l e  m a t e r i a l  o b ta in e d  in  th e  work—up proved to  be r e ­
covered  ke tone  XXX.
XXX
The u n re c o v e re d ,  w a t e r - s o l u b l e  m a t e r i a l  was assumed t o  be a 
m ix tu re  of  low m o le c u la r  w e ig h t  compounds r e s u l t i n g  from 
n u c l e a r  o x i d a t i o n ,  shown t o  o ccu r  in  p r e v io u s  c a s e s .
peroxy  a c id  was a l low ed  to  p roceed  f o r  30 h o u r s .  .As d e t e r ­
mined s p e c t r o s c o p i c a l l y ,  however, r e l a t i v e l y  l i t t l e  change 
i n  the  m ix tu re  co m p o s i t io n  o cc u r red  a f t e r  t h e  f i r s t  f i v e  
hou rs  of  r e a c t i o n .  The spec trum  of  th e  c rude  r e a c t i o n  mix­
t u r e  c o n t a i n s  bands a t t r i b u t a b l e  t o  an u n co n ju g a ted  Ji_ — 
l a c t o n e ,  t e n t a t i v e l y  a s s ig n e d  t o  s t r u c t u r e  XLIV, and a l s o  to  
s t a r t i n g  m a t e r i a l  XXXV. Column chromatography on s i l i c a  
e f f e c t e d  th e  s e p a r a t i o n  o f  t h e s e  compounds and i n  a d d i t i o n  
l e d  t o  a t h i r d  p r o d u c t ,  t e n t a t i v e l y  a s s ig n e d  s t r u c t u r e  XLV.
0
n u c l e a r  o x i d a t i o n  p r o d u c t s
The r e a c t i o n  o f  2 ,3 —dihy d ro p h en a lo n e  (XXXV) w i th
XXXV XL XV 30^ XLV
The l a c t o n e  XLIV could  n o t  be h and led  i n  the  p r e s e n c e  o f  
m o is tu r e  w i th o u t  undergo ing  p a r t i a l  h y d r o l y s i s  t o  t h e  i n d i ­
ca te d  p ro d u c t  m ix tu re  XLIV and XLV. T rea tm ent  o f  t h i s  m ix tu re  
w i th  base  cau ses  com plete  r i n g  open ing  to  —(8—hydroxy—1—
n a p h th y l )  p r o p io n ic  a c id  (XLV) which was c h a r a c t e r i z e d  by a 
p o s i t i v e  r e a c t i o n  toward f e r r i c  c h l o r i d e ,  com bustion  a n a l y s i s ,  
m e l t i n g  p o i n t ,  and i t s  i n f r a r e d  spec t rum .  S u b l im a t io n  o f  XLV 
ca u ses  on ly  p a r t i a l  c y c l i z a t i o n  t o  the  l a c t o n e  XLIV.
An ex tended  r e a c t i o n  p e r io d  o f  168 h o u r s ,  s i m i l a r  to  
t h a t  f o r  acanaphthenone (XX), was employed f o r  th e  o x i d a t i o n  
o f  i(., 5-~benzindanone—3 (XXXVII). In  s p i t e  o f  th e  ex tended  
r e a c t i o n  p e r i o d ,  t h e r e  was s t i l l  a r e l a t i v e l y  l a r g e  amount of 
r e c o v e re d  s t a r t i n g  m a t e r i a l  i n  com par ison  to  th e  amount of  
p r o d u c t .  The m a t e r i a l  b a la n c e  was v e ry  low as  e x p e c te d .
As b e f o r e ,  the  a n a l y s i s  showed no s i g n i f i c a n t  change 
i n  th e  r e l a t i v e  amounts of  s t a r t i n g  m a t e r i a l  and p ro d u c t  
a f t e r  th e  f i r s t  a l i q u o t ,  t a k e n  a f t e r  f i v e  hou rs  r e f l u x .  The 
p r o d u c t s ,  i s o l a t e d  by e x t r a c t i o n  w i th  base  and su b se q u en t  
a c i d i f i c a t i o n ,  a r e  a s s ig n e d  s t r u c t u r e s  XLVI and XLVII on the  










This m ix t u r e ,  a f t e r  r e c r y s t a l l i z a t i o n  from benzene—h ex a n e , 
has  th e  c h a r a c t e r i s t i c  sp read  in  m e l t i n g  p o i n t  range  and does 
g iv e  a p o s i t i v e  f e r r i c  c h l o r i d e  t e s t ,  a t t e m p t s  t o  c o n v e r t  
the  m ix tu re  co m p le te ly  t o  th e  l a c t o n e  XLVI by s u b l i m a t io n  were 
u n s u c c e s s f u l .  D ehydrogena t ion  of th e  m ix tu re  might  l e a d  t o  
the  known 7,8- 'b©nzocoumarin (XLVIII),  which would s e rv e  t o  
c h a r a c t e r i z e  the  p r o d u c t s  by comparison w i th  a sample p re p a re d  
by an a l t e r n a t e  s y n t h e s i s .  F o r  t h i s  p u rp o s e ,  XLVIII was p r e ­
pared  as  d e s c r i b e d , a n d  th e  m ix tu re  of  p r o d u c ts  was t r e a t e d  
w i t h  p a l la d iu m  on c h a r c o a l  i n  r e f l u x i n g  m e s i ty l e n e  f o r  e i g h t  
and o n e - h a l f  h o u r s .  The p ro d u c t  from th e  d eh y d ro g en a t io n  
ap p e a r s  t o  be 7 ,6 —benzocoumarin  (XLVIII) .  However, because
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o f  t h e  low y i e l d  and q u e s t i o n a b l e  p u r i t y  o f  th e  m a t e r i a l ,  an 
u n e q u iv o c a l  i d e n t i f i c a t i o n  ca n n o t  be made.
The r e s u l t s  o f  th e  f o r e g o in g  o x i d a t i o n  r e a c t i o n s  a r e  
shown i n  Table  1.
TABLE 1
Molar r a t i o  Reac t ion  Approx. y i e l d
Peroxy ac id Time, h r . Lactone Ketone
No. Ketone Ketone I s o l a t e d ,  % Recov.
XV 2,2—Diphenylacenaphthenone 15.00 2*--5 10 None
XX Acenaphthenone 1 .5 1.0 (a)
2.2*. 5.0 ■ »■......... . '• (b)
2.1*- 2i+.0 Trace 36
3.2*- 12^5.0 Trace 062. 2*. (c ) 1 .0 None 05
10.0 2*..0 (a)
XXX 6—Me thoxya c anaphthenone 1.7 52*-. 0 None 5o
XXXI Hyd r in d  one 1.5 k - S 51 None
XXXV 2, 3-“’Dihydrophena lone 1.3 5.5 33 10
2.7 29.0 31 oi*.
XXXVII ij.,5-“Benzindanone—3 3.0 168.0 13 17
( a ) P roduc t  m ix tu re  c o n t a in s  a t  l e a s t  71% (by w eigh t) unchanged ketone  as  de term ined
by a d s o r p t i o n  chromatography.
(b) Produc t  m ix tu re  c o n t a in s  a t  l e a s t  G0%> (by w e igh t) u n re a c te d k e t o n e .
(c) R eac t ion  run  in  the  absence o f b u f f e r .
(d) The n e g l i g i b l e  amount o f  crude org an ic  m a t e r i a l  r eco v e red  was n o t  i d e n t i f i e d f u r t h e
DISCUSSION
In g e n e r a l ,  a ro m a t ic  c y c lo a lk a n o n e s  e x h i b i t  un ique
s t r u c t u r a l  ad v an tag es  f o r  an  i n v e s t i g a t i o n  of  s t e r i c  and
e l e c t r o n i c  e f f e c t s  i n  thQ B a e y e n - V i l l i g e r  r e a c t i o n .  P r e v io u s
s t u d i e s  have shown t h a t  th e  e f f e c t i v e  b u lk  i n  th e  v i c i n i t y
o f  th e  ca rb o n y l  group can a l t e r  t h e  expec ted  c o u r s e  o f  the  
7 12r e a c t i o n .  * N e c e s s a r i l y ,  an I n t e r p r e t a t i o n  o f  th e  r e s u l t s  
i s  dependen t  upon th e  c o n f i g u r a t i o n a l  and c o n f o r m s t io n a l  
s t a b i l i t y  of  th e  i n t e r m e d i a t e  peroxy  e s t e r .  The system s em­
p loyed  in  t h i s  i n v e s t i g a t i o n  a r e  e s s e n t i a l l y  p l a n a r  and th e  
e f f e c t i v e  b u lk  of  th e  m olecu le  In th e  v i c i n i t y  o f  th e  c a r ­
bonyl f u n c t i o n  i s  reduced  t o  a minimum. In t h i s  s i t u a t i o n ,  
th e  a d d i t i o n  of  pe roxy  a c id  t o  e i t h e r  s id e  o f  th e  ca rb o n y l  
g roup  (XX) w i l l  be s t a t i s t i c a l  and th e  i n t e r m e d i a t e  formed 
by a d d i t i o n  from e i t h e r  d i r e c t i o n  w i l l  have th e  same con­
f i g u r a t i o n a l  s t a b i l i t y .  F u r th e rm o re ,  an ex a m in a t io n  of  models 
shows t h a t  th e  p r e f e r r e d  co n fo rm a t io n ,  i n  which th e  c a rb o x y l  
f u n c t i o n  i s  s t a g g e re d  between th e  two s m a l l e s t  g roups  as  
r e p r e s e n t e d  in  XXa, i s  th e  one in  which th e  a r y l  g roup  i s  in  
th e  f a v o r a b l e  t r a n s  p o s i t i o n  f o r  m i g r a t i o n .
29
OCORn a p h th a le n e
CH. ■OH




U l u s ,  th e  e l e c t r o n i c a l l y  p r e f e r r e d  a r y l  group mi­
g r a t i o n  can o cc u r  by th e  f a v o re d  s t e r i c  p a t h .  S ince  th e  
m i g r a t i o n  o f  th e  e l e c t r o n i c a l l y  un favo red  m ethy lene  group  i s  
a l s o  s t e r i c a l l y  u n fav o re d ,  as  shown i n  XXb, t h i s  a l t e r n a t e  
r e a c t i o n  p a t h  i s  h i g h ly  u n l i k e l y .
The non—bonded i n t e r a c t i o n s  which were found to  be
th e  m a jo r  sou rce  of  s t e r i c  h in d ra n c e  i n  p r e v i o u s  compounds
s t u d i e d  a r e  o f  r e l a t i v e l y  m inor  im por tance  i n  th e  p r e s e n t
sy s tem s .  P r i m a r i l y ,  th e  r e s i s t a n c e  t o  r e a c t i v i t y  d e r i v e s
from th e  l o s s  o f  re so n an ce  s t a b i l i z a t i o n  a t t r i b u t a b l e  to  the
ca rb o n y l  g roup  as  a r e s u l t  of th e  r e v e r s i b l e  a d d i t i o n  of  p e n -  
37oxy a c i d  and the  s t e r i c  e f f e c t s  imposed by th e  r i g i d i t y  of  
th e  a ro m a t ic  system . Another  c o n s i d e r a t i o n  i s  th e  s u s c e p t i ­
b i l i t y  o f  t h e s e  a ro m a t ic  c y c lo a lk a n o n e s  t o  n u c l e a r  o x i d a t i o n . ^  
The s i g n i f i c a n c e  of  t h i s  competing r e a c t i o n  w i l l  be e v i d e n t  
from th e  d i s c u s s i o n  o f  the  r e s u l t s  o b ta in e d  in  t h e s e  o x i d a t i o n s .
Q u a l i t a t i v e l y ,  th e  B a e y e n - V i l l i g e r  o x i d a t i o n  p r o d u c ts
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r e s u l t i n g  from a r y l  g roup  m i g r a t i o n  a r e  formed in  a l l  c a s e s ;  
t h e r e  was no d i r e c t  ev idence  in  any i n s t a n c e  f o r  th e  p re se n c e  
o f  t h e  a l t e r n a t e  l a c t o n e .  This i s  th e  ex p ec te d  r e s u l t  from 
the  f o r e g o i n g  c o n c lu s io n s  based on th e  c o n f o r m a t io n a l  s t a b i l i t y  
o f  the  i n t e r m e d i a t e .
In  o r d e r  to  d e te rm ine  th e  r e l a t i v e  r e a c t i v i t y  of  th e s e
s t r u c t u r a l l y  s i m i l a r  k e t o n e s ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  the
two competing r e a c t i o n s :  the  B a e y e n - V i l l i g e r  o x i d a t i o n  and
th e  o x i d a t i o n  o f  th e  a ro m a t ic  sys tem . The s i t u a t i o n  may be
v i s u a l i z e d  in  th e  f o l lo w in g  manner.  The a d d i t i o n  of  peroxy
a c id  t o  th e  c a rb o n y l  group o ccu rs  by an e q u i l i b r i u m  fo rm a t io n
of  th e  i n t e r m e d i a t e  peroxy  e s t e r .  In  a r e l a t i v e l y  s t r a i n e d
system, th e  energy  b a r r i e r  t o  c a rb o n y l  a d d i t i o n  has  been  r a i s e d
so t h a t  th e  e q u i l i b r i u m  i s  s h i f t e d  in  th e  d i r e c t i o n  o f  s t a r t i n g
m a t e r i a l  and th e  c o n c e n t r a t i o n  o f  th e  i n t e r m e d i a t e  i s  d e c re a s e d ,
12as  su g g e s ted  by S auers  and Ahearn.  The l a c t o n i c  p ro d u c t  
which i s  b e ing  formed s lo w ly  in  t h e  c o n c e r te d  r e a r r an g e m en t  o f  
th e  i n t e r m e d i a t e  I s  s u s c e p t i b l e  t o  n u c l e a r  o x i d a t i o n  by th e  
peroxy  a c id  p r e s e n t  In  t h e  r e a c t i o n  m ix t u r e .  The o x i d a t i o n  of  
t h e  ca rb o n y l  f u n c t i o n  to  th e  c o r r e s p o n d in g  l a c t o n e  must be re  1 ac­
t i v e l y  f a s t  In  o r d e r  t o  compete s u c c e s s f u l l y  w i t h  th e  a ro m a t ic  
o x i d a t i v e  c le av a g e  of th e  p ro d u c t  formed.  I f  the  Baeyen-  
V i l l i g e r  r e a c t i o n  i s  f a s t e r  th a n  th e  f r a g m e n ta ry  p r o c e s s ,  the  
l a c t o n i c  p ro d u c t  w i l l  accum ula te  in  th e  r e a c t i o n  m ix t u r e .  I f  
t h e  r a t e s  o f  t h e s e  competing r e a c t i o n s  a r e  s i m i l a r  o r  i n  th e  
o p p o s i t e  o r d e r ,  the  n u c l e a r  o x i d a t i o n  p ro c e s s  w i l l  d e s t r o y  th e  





O x id a t io n
P ro d u c ts
CF3C03H
OOCOCF
This i n t e r p r e t a t i o n  i s  n i c e l y  accommodated by th e  
r e s u l t s  o f  the  B a e y e n - V i l l i g e r  r e a c t i o n  shown i n  Table 1 .
In th e  o x i d a t i o n  o f  acenaph thenone  (XX), t h e  fo rm a t io n  o f  
th e  co r r e s p o n d in g  l a c t o n e  i s  v e r i f i e d  by th e  i n f r a r e d  spec­
trum o f  th e  r e a c t i o n  m ix tu re  de te rm ined  p e r i o d i c a l l y  d u r in g  
the  lif.5 hou r  r e f l u x  p e r i o d .  The f a c t  t h a t  th e  r e l a t i v e  
amounts o f  s t a r t i n g  m a t e r i a l  and l a c t o n i c  p r o d u c t  do n o t  
change a p p r e c i a b l y  d u r in g  t h i s  t ime le n d s  s u p p o r t  f o r  th e  
n u c l e a r  c le av a g e  o c c u r r in g  a t  a r a t e  a lm o s t  equa l  t o  th e  
fo rm a t io n  o f  l a c t o n e .  In  t h i s  s i t u a t i o n  a c h a r a c t e r i s t i c  
deep c o l o r a t i o n  d eve lops  in  th e  r e a c t i o n  m i x t u r e ,  and a 
l a r g e  excess  of  peroxy  a c id  i s  consumed. In  th e  extreme 
c a s e ,  a lm o s t  com plete  l o s s  o f  ke tone  and l a e t o n e  o cc u rs  
a f t e r  f o u r  hou rs  when th e  r e a c t i o n  i s  c a r r i e d  ou t  w i t h  a 
t e n f o l d  excess  o f  peroxy  a c i d .
A comparison o f  th e  above o x i d a t i o n  w i th  th e  r e s u l t s
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o b ta in e d  from r e a c t i o n  o f  6 -m ethoxyacenaphthenone (XXX) and 
benz indanone—3 (XXXVII) p r o v id e s  f u r t h e r  s u p p o r t  f o r  th e  
p r e s e n t  i n t e r p r e t a t i o n .  With o t h e r  f a c t o r s  c o n s t a n t ,  th e  6— 
methoxy s u b s t i t u t e n t  i n  XXX f a c i l i t a t e s  t h e  n u c l e a r  o x i d a t i o n  
r e a c t i o n  by e l e c t r o n  d o n a t io n  to  th e  a ro m a t ic  system , to  th e  
e x t e n t  t h a t  no ev id en ce  f o r  th e  l a c t o n i c  p ro d u c t  cou ld  be 
found .  This b e h a v io r  would be ex p ec ted  i n  view o f  th e  n u c l e a r  
o x i d a t i o n  r e a c t i o n  o f  a ro m a t ic  e t h e r s  by peroxybenzo ic  a c id  
d e s c r ib e d  by F r i e s s .  Under t h e s e  c i r c u m s ta n c e s  i t  would be 
d i f f i c u l t  t o  d e te rm in e  which o f  th e  two s u b s t r a t e s  XX and XXX 
i s  c o n v e r ted  more r a p i d l y  t o  l a c t o n i c  p ro d u c t  because  the  
competing o x i d a t i o n  i s  c l e a r l y  f a s t e r  i n  XXX.
The r e l a t i v e  r e a c t i v i t y  o f  acenaphthenone  (XX) and 
ij.,5”~benzlndanone—3 (XXXVII) i n  c o n v e r s io n  to  l a c t o n e  i s  a l s o  
d i f f i c u l t  t o  d e t e r m in e .  A com parison o f  th e  m a t e r i a l  b a la n c e  
o b ta in e d  f o r  t h e s e  two o x i d a t i o n s  a f t e r  ex tended  r e f l u x  
p e r i o d s  i n d i c a t e s  t h a t  XXXVII i s  l e s s  r e a c t i v e .  This a p p a re n t  
lowered  r e a c t i v i t y  o f  XXXVII cou ld  p o s s i b l y  be due t o  i n t e r ­
f e r e n c e  by th e  n e ig h b o r in g  jpe r i—hydrogen atom of  t h e  n ap h th a ­
l e n e  sys tem .  I t  would, however,  be ex p ec te d  t h a t  w i t h  e l e c ­
t r o n i c  f a c t o r s  h e ld  c o n s t a n t ,  th e  r e l e a s e  o f  i n t e r n a l  s t r a i n  
a s  a r e s u l t  o f  one l e s s  sp® h y b r id  ca rbon  atom i n  XXXVII 
would i n  e f f e c t  i n c r e a s e  th e  r e a c t i v i t y  of t h i s  c a rb o n y l  group 
as  compared t o  acenaph thenone .
This  r e l e a s e  of i n t e r n a l  s t r a i n  i n  th e  f ive-memberad 
r i n g  system and i t s  e f f e c t  on the  r e l a t i v e  e a se  o f  th e  Baeyen-  
V i l l i g e r  r e a c t i o n  i s  ev idenced  by the  g r e a t e r  r e a c t i v i t y  o f
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—hydr indone  (XXXI) i n  com par ison  t o  acenaphthenone  (XX).
A more p r e c i s e  i n t e r p r e t a t i o n  o f  th e  e f f e c t s  o f  t h e s e  
s t r u c t u r a l  d i f f e r e n c e s  i n  th e  B a e y e n - V i l l i g e r  o x i d a t i o n  must 
be based  on more q u a n t i t a t i v e  i n f o r m a t i o n .  To t h i s  end i t  
would be v a l u a b l e  t o  d e te rm in e  th e  r e l a t i v e  r e a c t i v i t i e s  o f  
t h e s e  sys tem s in  s im ple  c a rb o n y l  a d d i t i o n  r e a c t i o n s ,  In  which 
th e  p ro d u c t  formed would be s t a b l e  under  the  r e a c t i o n  cond i­
t i o n s .
On th e  as su m p t io n  t h a t  th e  n a p h th a le n e  system in  2 ,3 ”
d ih y d ro p h en a lo n e  (XXXV) and acenaph thenone  (XX) a re  ab o u t
e q u a l l y  s u s c e p t i b l e  to  n u c l e a r  o x i d a t i o n ,  the  d i f f e r e n c e  in
th e  r e s u l t s  o b ta in e d  w i t h  t h e s e  s u b s t r a t e s  a l s o  l e a d s  t o  an
e v a l u a t i o n  of  th e  r e a c t i v i t y  o f  th e  r e s p e c t i v e  ca rb o n y l
g ro u p s .  The e f f e c t  o f  r i n g  s t r a i n  w i th  r e g a rd  t o  the  r e l a t i v e
r e a c t i v i t y  o f  f i v e — and s ix —membered c y c l i c  k e to n es  i n  ad d i—
39t i o n  r e a c t i o n s  has  p r e v i o u s l y  been d i s c u s s e d  by Brown. In  
th e  k e to n e s  XX and XXXV. p r e s e n t l y  u n d e r  i n v e s t i g a t i o n ,  th e  
s t r a i n  which a r i s e s  from t o r s i o n a l  f o r c e s  ab o u t  th e  ca rb o n  to  
ca rb o n  bonds,  as  a r e s u l t  o f  t h e  change i n  h y b r i d i z a t i o n  and 
th e  accompanying change i n  bond a n g l e ,  i s  g r e a t l y  m ag n if ied  
because  o f  th e  r i g i d i t y  in t r o d u c e d  by the  a ro m a t ic  sys tem .
The g r e a t e r  r e a c t i v i t y  o f  XXXV t o  th e  B a e y e n - V i l l i g e r  r e a c t i o n  
would be expec ted  on th e  b a s i s  o f  the  l a r g e r ,  more f l e x i b l e  
r i n g  sys tem .
il r e a s o n  f o r  th e  g r e a t e r  r e a c t i v i t y  o f  2 ,2 —d ip h e n y l— 
acenaph thenone  (XV) when compared w i th  acenaphthenone  (XX) i s  
n o t  im m ed ia te ly  o b v io u s ,  a l t h o u g h  a p o s s i b l e  e x p l a n a t i o n  Is
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a v a i l a b l e .  In  the  i n t e r m e d i a t e  peroxy  e s t e r  from XV t h e r e  
a r e  c o n s i d e r a b l y  g r e a t e r  non—bonded i n t e r a c t i o n s  w i th  t h e  
a d j a c e n t  pheny l  g ro u p s .  The rea r r a n g e m e n t  o f  t h i s  i n t e r ­
m ed ia te  would then  be expec ted  to  be more f a c i l e  because  o f  
t h e  r e l e a s e  of  s t e r i c  com press ion  i n  f o rm a t io n  o f  the  s ix — 
membered l a c t o n e ,  which i s  vo id  of  t h e s e  i n t e r a c t i o n s .
The marked d i f f e r e n c e s  i n  th e  observed r e a c t i v i t i e s  
of  a ro m a t ic  c y c lo a lk an o n es  d em o n s t ra te  th e  s e n s i t i v i t y  of  the  
B a e y e n - V i l l i g e r  r e a c t i o n  to  r a t h e r  s u b t l e  changes i n  s t r u c ­
t u r e .  The low r e a c t i v i t y  which t h e s e  ke to n es  e x h i b i t  i s  a t ­
t r i b u t a b l e  t o  th e  ene rgy  b a r r i e r  t o  a d d i t i o n  o f  peroxy  a c id  
and th e  accompanying change i n  bond a n g l e ,  which i s  opposed 
by th e  r i g i d i t y  o f  t h e s e  sy s tem s .  By a c o n s i d e r a t i o n  o f  th e  
peroxy  e s t e r  formed from acenaph thenone ,  i t  seems r e a s o n a b le  
t h a t  once th e  i n t e r m e d i a t e  i s  formed, th e  r ea r ra n g e m en t  should  
be f a c i l i t a t e d  by th e  r e l e a s e  o f  s t r a i n  i n  go ing  to  th e  more 
f l e x i D i e  s ix —membered l a c t o n i c  p r o d u c t .  F u r t h e r  su p p o r t  f o r  
t h i s  r e s i s t a n c e  to  c a rb o n y l  a d d i t i o n  i s  p ro v id ed  by the  ex­
t r e m e ly  g r e a t e r  r e a c t i v i t y  o f  th e  c o r r e s p o n d in g  a l i c y c l i c  
31k e to n e s  i n  which  th e  sp2 h y b r i d i z a t i o n ,  which i s  the  cause  
o f  s t r a i n  i n  th e  p r e s e n t  sy s tem s ,  i s  a b s e n t .
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EXPERIMENTAL
The I n f r a r e d  a b s o r p t i o n  s p e c t r a  were de te rm ined  w i th  
a P e rk in —Elmer Model 21 I n f r a r e d  s p e c t r o p h o to m e te r ,  c o n t a in i n g  
sodium c h l o r i d e  o p t i c s .  The s p e c t r a  a r e  d e s c r ib e d  by f i l e  
number and m a jo r  bands .  The s p e c t r a  were de te rm ined  i n  c h lo r o ­
form u n le s s  o th e rw ise  i n d i c a t e d .  The u l t r a v i o l e t  a b s o r p t i o n  
s p e c t r a  were de te rm ined  w i th  a P e rk in —Elmer Model [{.000 r e c o rd ­
ing s p e c t ro p h o to m e te r .
M ic ro a n a ly s i s  was de te rm ined  by G -a lb ra i th  L a b o r a t o r i e s ,  
K n o x v i l l e ,  Tennessee .  The b o i l i n g  p o i n t s  and m e l t i n g  p o i n t s  
a r e  u n c o r r e c t e d .
SECTION I
PREPARATION OP KETONIC STARTING MATERIALS
13P r e p a r a t i o n  of  A cenaphthenequinone ( X I I I ) .  A s o l u t i o n  of  
15 g .  ( .098  mole) o f  acenaphthen© in  [{00 ml.  o f  g l a c i a l  a c e t i c  
a c id  was h ea ted  t o  95° i n  a 2—1. S r lenm eyer  f l a s k .  The ad­
d i t i o n  o f  [{5 g .  ( .172  mole) o f  sodium d ich ro m a te ,  w i t h  s w i r ­
l i n g ,  i n i t i a t e d  th e  exo therm ic  r e a c t i o n  which l a s t e d  s i x  
m in u te s .  The r e a c t i o n  m ix tu re  was poured over  600 g.  o f  i c e  
and s e t  a s i d e  f o r  [{ h o u r s .  The s o l i d  was c o l l e c t e d  by f i l t r a ­
t i o n ,  washed w i th  w a te r ,  and e x t r a c t e d  w i th  500 ml.  o f  b o i l i n g ,  
10$ sodium b i s u l f i t e  s o l u t i o n  f o r  30 m in u te s .  The e x t r a c t  was 
a c i d i f i e d  w i th  h y d r o c h lo r i c  a c id  to  congo red  p a p e r ,  h ea ted  
t o  b o i l i n g ,  and c o o le d .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,
36
washed w i t h  h o t ,  5$ sodium c a rb o n a te  s o l u t i o n ,  and r e c r y s t a l ­
l i z e d  from benzene ;  y i e l d  3 g .  (1 7 $ ) ,  m.p. 250—256°.
P r e p a r a t i o n  of  1 .2 —D ipheny lacenaph thene—l t.2—d i o l  (XIV) . ^
A s o l u t i o n  of  G-rignard r e a g e n t  was p r e p a re d  from 33 nil*
(O.lij. mole) o f  bromobenzene and 3 .3 6  g .  (.lij . mole) o f  mag­
nesium i n  a b s o lu t e  e t h e r .  Prom a sm a l l  E r lenm eyer  f l a s k ,  
a t t a c h e d  t o  t h e  t h r e e —necked r e a c t i o n  f l a s k  by a s e c t i o n  of  
r u b b e r  t u b i n g ,  was added 10 g .  (0 .055  mole) of  acenaph thene— 
qu inone .  The r e a c t i o n  m ix tu re  was h e a te d  u nder  r e f l u x  f o r  
f i v e  h o u r s ,  d u r in g  which  t ime a d d i t i o n a l  e t h e r  and a p p ro x i ­
m a te ly  50 ml.  o f  d ry  benzene were added.  The t o t a l  volume of  
th e  r e a c t i o n  m ix tu re  was a p p ro x im a te ly  350 ml.  The h y d r o l y s i s  
was c a r r i e d  ou t  w i th  d i l u t e  a c e t i c  a c id  which was added w i th  
s t i r r i n g  u n t i l  th e  o rg a n ic  l a y e r  became c l e a r  and a l l  the  
s a l t s  In  th e  aqueous l a y e r  were d i s s o l v e d .  The two l a y e r s  
were s e p a r a t e d  and th e  aqueous l a y e r  e x t r a c t e d  w i th  two 100— 
m l .—p o r t i o n s  of  e t h e r .  The combined o rg an ic  l a y e r s  were washed 
w i th  10$ sodium c a rb o n a te  s o l u t i o n ,  d r i e d  o v e r  anhydrous mag­
nesium s u l f a t e  and th e  o rg a n ic  s o l v e n t  removed. T h i r t e e n  grams 
(70$) o f  th e  c rude  p i n a c o l  was o b ta in e d ;  m.p. 160—165°.
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P r e p a r a t i o n  of  2 ,2—Diphenylacenaphthenone  (XV). A s o l u t i o n  
o f  12 g .  (0 .036  mole) o f  1 ,2 —d ip h e n y lsc e n a p h th e n e —1 ,2 —d i o l  and 
8 g.  o f  i o d i n e  in  800 ml.  o f  g l a c i a l  a c e t i c  a c id  was h e a te d  
a t  r e f l u x  te m p e ra tu re  f o r  30 m in u te s .  The coo led  r e a c t i o n  
m ix tu re  was poured i n t o  1 .5  1. o f  w a te r  s a t u r a t e d  w i th  s u l f u r  
d i o x i d e .  S u l f u r  d io x id e  was bubbled th ro u g h  th e  s o l u t i o n  u n t i l
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a l l  th e  io d in e  c o l o r  was d i s s i p a t e d .  The p ro d u c t  was c o l ­
l e c t e d  on a f i l t e r  and p u r i f i e d  by r e c r y s t a l l i z a t i o n  from 
e t h a n o l ;  y i e l d  7 .5  g .  (6 6 $ ) ,  m. p .  170—172°.  I n f r a r e d  Spec­
trum ( 980 ) ;  1710 cm. - 1
P r e p a r a t i o n  of  1 .2 —D im ethy laoenaphthene—1 .2 —d i o l  (XVI). ^
A s o l u t i o n  of  G r ignard  r e a g e n t  was p re p a red  from 50 g .
(0 .3 5  mole) o f  m ethy l  io d id e  and 8 g .  (0 . 33 4^- mole) o f  mag­
nesium i n  ap p ro x im a te ly  200 ml.  o f  a b s o l u t e  e t h e r .  Prom an 
E rlenm eyar  f l a s k ,  a t t a c h e d  t o  th e  thre©—necked r e a c t i o n  f l a s k  
by a s e c t i o n  of  ru b b e r  t u b i n g ,  15 g .  (O.O83 mole) o f  s o l i d  
acenaph thenequ inone  was added s lo w ly .  The a d d i t i o n  was f o l ­
lowed by a f o u r —hour  r e f l u x  p e r i o d .  The G rignard  adduc t  was 
h y d ro ly zed  by add ing  d i l u t e  a c e t i c  a c id  w i th  s t i r r i n g  u n t i l  
b o th  th e  aqueous l a y e r  and th e  e t h e r  l a y e r  became c l e a r .  The 
e t h e r  l a y e r  was s e p a r a t e d ,  washed w i th  10$ sodium c a rb o n a te  
s o l u t i o n ,  and d r i e d  over  anhydrous  magnesium s u l f a t e .  Removal 
o f  th e  s o l v e n t  gave a s o l i d  which ,  a f t e r  r e c r y s t a l l i z a t i o n  
from benzene ,  m elted  a t  l 8ij..5“- l 86° , i t  i s  assumed t o  be th e  
t r a n s  d i o l .  I n f r a r e d  Spectrum (1088) (H.alocarbon,Nu j o l ) ;
3^00 cm. -1
The m e l t in g  p o i n t s  o f  s u c c e s s iv e  c r y s t a l l i n e  f r a c t i o n s  
became p r o g r e s s i v e l y  low er ,  o b v io u s ly  because  o f  th e  p re se n c e  
o f  th e  more s o lu b l e  c i s  d i o l ;  r e p o r t e d  m e l t i n g  p o i n t  158° .
The t o t a l  y i e l d  of  c i s  and t r a n s  d i o l s  was 13 g.  ( 69$ ) .
a t t e m p te d  P r e p a r a t i o n  of  2 .2—D imethylacenaphthenone (X V I I I ) .
A s o l u t i o n  o f  1 g ( .0 0 5  mole} o f  1 ,2 —dimethylacenaphthen© —1,
2—d i o l  and a few c r y s t a l s  o f  io d in e  in  25 m l.  of  g l a c i a l
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a c e t i c  a c id  was h e a te d  u nder  r e f l u x  f o r  t e n  m in u te s .  During 
t h i s  time th e  c o l o r  o f  th e  s o l u t i o n  changed from p u r p l e  t o  
b r i g h t  o ran g e .  A d d i t i o n a l  r e f l u x i n g  induced d a rk en in g  o f  
th e  r e a c t i o n  m ix t u r e .  The p ro d u c t  was p r e c i p i t a t e d  by p o u r ­
ing  th e  c o n t e n t s  o f  th e  f l a s k  i n t o  i c e  w a te r  and the  excess  
io d in e  was removed by p a s s i n g  s u l f u r  d io x id e  th ro u g h  th e  
m ix t u r e .  The p ro d u c t  was c o l l e c t e d ,  t a k e n  up in  e t h e r ,  washed 
w i th  10$ sodium b i s u l f i t e  s o l u t i o n ,  and d r i e d .  Removal of 
th e  o rg a n ic  s o lv e n t  l e f t  a red—brown s o l i d  which r e t a i n e d  i t s  
c o l o r  a f t e r  r e c r y s t a l l i z a t i o n  from benzene o r  e t h a n o l .  The ■ 
m a t e r i a l  was assumed to  be t h e  d e h y d ra t io n  p r o d u c t ,  1 ,2 —d i ­
me th y le n e a c e n a p h th e n e  . I n f r a r e d  spec trum  (1055) (H a loca rbon ,  
N u j o l ) ; 1600 cm”’1 , lijlpD cm.”'1 .
A second a t t e m p t  t o  e f f e c t  th e  p i n a c o l  r e a r ran g em e n t  
o f  1 ,2 —d im e th y la ce n a p h th e n e—1 ,2 —d i o l  Invo lved  th e  use  of  p o l y -  
p h o sp h o r ic  a c i d .  A m ix tu re  o f  2 g .  ( .006  mole) of  th e  d i o l  
and 100 g .  o f  warm, p o ly p h o sp h o r ic  a c id  was s t i r r e d  f o r  s e v e r a l  
m in u te s ,  d u r in g  which  t ime th e  m ix ture  changed c o l o r j  th e  f l a s k  
was p la ced  in  an  oven a t  110° f o r  two d ay s .  The r e a c t i o n  mix­
t u r e  was poured i n t o  i c e  w a te r  and the  p ro d u c t  was e x t r a c t e d  
w i th  e t h e r ,  washed w i th  w a te r ,  and d r i e d  w i th  magnesium s u l ­
f a t e .  E v a p o ra t io n  o f  th e  e t h e r  and r e c r y s t a l l i z a t i o n  from 
benzene l e d  t o  a m ix tu re  presum ably  composed of  unchanged 
s t a r t i n g  m a t e r i a l  and 1 ,2 —d im e th y le n e a c a n a p h th e n e . No f u r t h e r  
a t t e m p t  was made t o  p r e p a r e  th e  ke tone  XVIII .
P r e p a r a t i o n  o f  Acenaphthenone (XX) by C y c l i z a t i o n  o f  1—Naph—
17t h y l a c e t i c  Acid (XIX). Ten grams (.05^- mole) o f  1—naph—
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t h y l a c e t i c  a c id  was added to  150 m l.  o f  p o ly p h o s p h o r ic  a c id  
a t  60° .  The m ix tu re  was s t i r r e d  c o n t i n u o u s l y  and th e  tem­
p e r a t u r e  was s low ly  r a i s e d  to  100° and m a in ta in e d  a t  t h i s  
t e m p e ra tu r e  f o r  t h i r t y  m in u te s .  I c e  was added to  th e  coo led  
r e a c t i o n  m ix t u r e ,  which was s t i r r e d  u n t i l  t h e  ex cess  of  p o l y -  
pho sp h o r ic  a c id  had decomposed. The r e s u l t i n g  m ix tu re  was 
e x t r a c t e d  w i th  two 100 m l .—p o r t i o n s  of  e t h e r .  The combined 
e t h e r e a l  e x t r a c t s  were washed, f i r s t  w i th  a 10$ sodium hy­
d ro x id e  s o l u t i o n ,  th e n  w i th  w a te r ,  and d r i e d  over  magnesium 
s u l f a t e .  Removal o f  th e  o rg a n ic  s o l v e n t  l e f t  an orange 
c o lo re d  s o l i d  which was r e c r y s t a l l i z e d  from aqueous e t h a n o l .  
The c o lo re d  i m p u r i t i e s  were d i f f i c u l t  t o  remove by th e  r e -  
c r y s t a l l i z a t i o n  p r o c e d u r e .  The p r o d u c t  was c o l l e c t e d  In  
sm al l  c r y s t a l l i n e  f r a c t i o n s ,  o i l s  b e in g  d i s c a r d e d  as  the  
volume o f  th e  s o l v e n t  was red u ced j  y i e l d  2 g .  (23$ ) ,  m.p. 
116-120° .
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P r e p a r a t i o n  o f  1—Acenaphtheno l  (XXI). A s o l u t i o n  of  1Bk g •
(1 mole) o f  acenaph thene  in  1 .1  1.  o f  g l a c i a l  a c e t i c  a c id  was 
p laced  i n  a 2—1. round—bottomed f l a s k .  A f t e r  th e  s o l u t i o n  
was h e a te d  to  60° ,  820 g.  of  red  l e a d  was added i n  p o r t i o n s  
of  a p p ro x im a te ly  50 g .  w i th  c o n t in u o u s  s t i r r i n g .  The p o r t i o n s  
were added as  soon as  th e  c o l o r  due to  th e  p r e v io u s  p o r t i o n  
had been d i s c h a r g e d .  The te m p e ra tu r e  was m a in ta in e d  a t  60—700 
by e x t e r n a l  c o o l in g  th r o u g h o u t  th e  a d d i t i o n ,  which r e q u i r e d  
t h i r t y  m inu tes  and was com plete  when a n e g a t i v e  t e s t  f o r  l e a d  
t e t r a a c e t a t e  was o b se rv e d .  The d a rk  red  s o l u t i o n  was poured
ko
i n t o  2 1 . o f  w a te r  and th e  p ro d u c t  was e x t r a c t e d  w i t h  two 
300 m l .—p o r t i o n s  o f  e t h e r .  The combined e x t r a c t s  were washed, 
f i r s t  w i th  w a te r ,  then  w i th  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  
and d r i e d  o v e r  anhydrous sodium s u l f a t e .  The o rg an ic  s o lv e n t  
was removed and th e  a c en a p h th en o l  a c e t a t e  was d i s t i l l e d  a t  a s ­
p i r a t o r  p r e s s u r e ;  y i e l d  182 g .  ( 86$ ) ,  b . p .  180—l 82° / l l  ram.
The a c en a p h th e n o l  a c e t a t e  was d i s s o l v e d  in  275 ml.  o f
methano l  and added to  a s o l u t i o n  o f  ij.0 g .  ( 1 .2  e q u i v . )  o f
sodium h ydrox ide  in  I4.OO ml. o f  w a t e r .  The p ro d u c t  began to
c r y s t a l l i z e  a lm os t  im m edia te ly  a f t e r  th e  b a s i c  s o l u t i o n  was
added.  The h e te ro g en eo u s  m ix tu re  was h e a te d  u nder  r e f l u x  f o r
two h o u r s ,  cooled  below 20° ,  and th e  p r o d u c t  was c o l l e c t e d  and
washed w i th  w a te r .  1—Acenaphthenol  was o b ta in e d  in  q u a n t i—
0
t a t i v e  y i e l d  ( l i }.8 g . ) ,  m. p .  li)-3—lij-5 •
P r e p a r a t i o n  o f  Acenaphthenone (XX) by O x id a t io n  o f  1—Acenaph- 
19th e n o l  (XXI). To a s t i r r e d  su sp e n s io n  o f  llf.8 g .  (0 .875  
mole) o f  1—a c e n a p h th e n o l  in  l}.50 ml.  o f  g l a c i a l  a c e t i c  a c id  was 
added a s o l u t i o n  p re p a re d  by d i s s o l v i n g  63 g .  (O.63  mole) o f  
chromic an hydr ide  in  a minimum amount o f  w a te r  and d i l u t i n g  
w i t h  370 ml. of g l a c i a l  a c e t i c  a c i d .  The a d d i t i o n ,  which r e ­
q u i r e d  abou t  one h o u r ,  was c a r r i e d  ou t  a t  28—32° w i th  e x t e r n a l  
c o o l i n g .  The r e a c t i o n  was s t i r r e d  f o r  one a d d i t i o n a l  ho u r  a t  
the  same te m p e ra tu re  and quenched by p o u r in g  th e  d a rk  g reen  
s o l u t i o n  i n t o  9 1. o f  i c e  w a te r .  The r e s u l t i n g  p r e c i p i t a t e  
was c o l l e c t e d  on a f i l t e r  and washed w i th  w a te r .  The p ro d u c t  
was p u r i f i e d  by a steam d i s t i l l a t i o n ,  in  which 35 1.  o f  d i s —
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t i l l a t e  were c o l l e c t e d ,  co o led  below 20° and f i l t e r e d .  The 
acenaph thenone  th u s  o b ta in e d  has a m e l t i n g  p o i n t  o f  117—120° ;  
y i e l d  77 g- (53$)•  A f t e r  one r e c r y s t a l l i z a t i o n  from benzene— 
hexane (1:1}.) th e  ke tone  has  a m e l t i n g  p o i n t  o f  120—122°.  In— 
f r a r e d  Spectrum (1177)? 1715 cm. . U l t r a v i o l e t  Spectrum 
(CHSC13 ) ;  253 m/i (1}_.15), 317 m/i ( 3 . 6 7 ) ,  337 ra/i ( 3 -6 7 ) .
Attempted P r e p a r a t i o n  o f  5—Methoxy—1—n a p h t h y l a c e t i c  Acid 
(XXIX).^ A s o l u t i o n  o f  60 g .  (0 .323  mole) o f  1—n a p h th y l— 
a c e t i c  a c id  i n  120 g .  (1). e q u i v . )  o f  c o n c e n t r a t e d  s u l f u r i c  
a c id  was h e a te d  a t  I4.O—50° f o r  e i g h t  h o u r s .  The s o l u t i o n  was 
d i l u t e d  w i t h  500 ml.  o f  w a te r  and n e u t r a l i s e d  w i t h  barium 
c a r b o n a t e .  The p r e c i p i t a t e  o f  barium s u l f a t e  was removed by 
f i l t r a t i o n  and sodium c a rb o n a te  was added in  o r d e r  t o  p r e ­
c i p i t a t e  th e  disodium s a l t  o f  t h e  s u l f o n a t e d  p r o d u c t .  The 
disodium s a l t  was c o l l e c t e d  on a f i l t e r ,  a i r —d r i e d ,  and added 
t o  a m o l ten  m ix tu re  of  300 g .  o f  p o ta s s iu m  h y d ro x id e  and 30 ml.  
o f  w a te r  a t  230—2I4.O0 . The r e s u l t i n g  m ix tu re  was m a in ta in ed  a t  
t h i s  t e m p e ra tu re  f o r  f o r t y  m in u te s  w i t h  c o n s t a n t  s t i r r i n g ,  
d u r in g  which t ime a brown o i l  appeared  on the  s u r f a c e  o f  the  
m e l t .  The r e a c t i o n  m ix tu re  was d i s s o l v e d  i n  w a te r ,  f i l t e r e d ,  
a c i d i f i e d  w i th  h y d r o c h l o r i c  a c i d ,  and a l low ed  to  s tand  o v e r ­
n i g h t .  Only a n e g l i g i b l e  amount o f  o rg a n ic  m a t e r i a l  c r y s t a l ­
l i z e d  from t h i s  s o l u t i o n .  An e t h e r  e x t r a c t i o n  o f  t h e  s o l u t i o n  
f a i l e d  t o  y i e l d  any a p p r e c i a b l e  amount of  o rg a n ic  m a t e r i a l .
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P r e p a r a t i o n  of  o -Brom oaniso le  (XXII). To a m ix tu re  o f  369 g .  
(3 moles)  o f  o—a n i s i d i n e  and 900 m l.  (7 -5  moles)  o f  Lj.8$ h y d ro -
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bromic a c i d ,  coo led  to  0° i n  a i|—1 f l a s k ,  was added a s o lu ­
t i o n  o f  210 g .  (3 moles)  o f  sodium n i t r i t e  i n  375 ml.  of  
w a te r  w i th  c o n s t a n t  s t i r r i n g .  The te m p e ra tu re  was m a in ta in e d  
below 10°C th ro u g h o u t  the  a d d i t i o n ,  and th e  f i n a l  p o r t i o n  of  
sodium n i t r i t e  was added s low ly  u n t i l  a p o s i t i v e  t e s t  f o r  ex­
ce s s  n i t r o u s  a c id  was o b se rv ed .
In  th e  meantime, a m ix tu re  o f  237 g .  (1 .6 5  mole) of  
cuprous  bromide i n  2I4.O ml.  (1 .8  mole) o f  I}.8$ hydrobromic ac id  
was h e a te d  to  b o i l i n g  in  a 5—1 . round-bo t tom ed ,  t h r e e —necked 
f l a s k ,  equipped w i th  a co n d e n se r  s e t  f o r  downward d i s t i l l a t i o n ,  
a steam i n l e t  tube  c lo se d  by a screw clamp, and a s e p a r a to r y  
f u n n e l .  The co ld  d iazonium s o l u t i o n  was added t o  th e  cuprous 
bromide—hydrobromic a c id  s o l u t i o n  w h i le  th e  l a t t e r  was h e ld  a t  
the  b o i l i n g  p o i n t  o v e r  a f r e e  f l a m e .  Continuous b o i l i n g  was 
m a in ta in ed  th ro u g h o u t  th e  a d d i t i o n  which r e q u i r e d  aoou t  t h i r t y  
m in u te s .  Some d i s t i l l a t e  c o l l e c t e d  d u r in g  th e  a d d i t i o n  p e r i o d ,  
and the  r em a in d e r  o f  the  r e a c t i o n  m ix tu re  was steam d i s t i l l e d  
u n t i l  a t o t a l  of  6 1.  o f  d i s t i l l a t e  had been c o l l e c t e d .  The 
o i l y  o rg an ic  l a y e r  i n  th e  r e c e i v e r  was s e p a r a te d  and washed, 
f i r s t  w i th  300 m l .  of  w a te r ,  then  w i th  two 150- m l . —p o r t i o n s  of 
5$ sodium h ydrox ide  s o l u t i o n ,  and f i n a l l y  w i th  300 ml.  of  w a te r .  
The p ro d u c t  was d r i e d  ove r  anhydrous ca lc ium  c h l o r i d e  and d i s ­
t i l l e d  a t  a s p i r a t o r  p r e s s u r e ;  ; y i e l d  $0Lf. g .  (9 0 $ ) ,  b . p .  100—
10S ° / l k  mm.
P r e p a r a t i o n  o f  2 - ( o - A n i s y l ) - e t h y l a l c o h o l  (XXII) . 21 The r e a c ­
t i o n  was c a r r i e d  o u t  i n  a 5—1 . round—b o t to m ed , t h r e e —necked
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f l a s k  equipped w i t h  c o n d e n se r ,  s t i r r e r ,  and s e p a r a t o r y  f u n n e l .
The G rignard  r e a g e n t  was p re p a re d  by d ropw ise  a d d i t i o n  of  
1272 g .  ( 6 .7  moles)  o f  o—brom oan iso le  t o  175 g .  ( 7*3 m oles)  
o f  magnesium in  3 1.  of  e t h e r .  The s o l u t i o n  of  G r ig n a rd  r e —  
ag e n t  was cooled  w i th  an i c e —s a l t  m ix tu re  and s t i r r e d  f r e q u e n t l y  
d u r in g  th e  a d d i t i o n  of  a s o l u t i o n  o f  300 g .  (6 .8  moles)  o f  e t h y l ­
ene oxide  in  300 m l.  of e t h e r ,  i f t e r  th e  a d d i t i o n ,  which  r e ­
q u i r e d  two and one—h a l f  h o u r s ,  th e  i c e —s a l t  m ix tu re  was removed 
and th e  r e a c t i o n  was a l low ed to  p roceed  f o r  e i g h t  h o u r s ,  i f t e r  
t h i s  ex tended  r e a c t i o n  p e r i o d ,  500 ml.  of  benzene was added and 
the  m ix tu re  was h e a te d  under  r e f l u x  f o r  one h o u r .  The coo led  
r e a c t i o n  m ix tu re  was decomposed w i t h  i c e  and h y d r o c h l o r i c  a c i d .  
The o rg a n ic  l a y e r  was s e p a r a t e d ,  washed f i r s t  w i th  5$ sodium 
h y d ro x id e  s o l u t i o n ,  th en  w i th  w a te r ,  and d r i e d  o v e r  anhydrous 
magnesium s u l f a t e .  The s o l v e n t  was removed and th e  p ro d u c t  
was d i s t i l l e d  u nder  vacuum; y i e l d  600 g .  (59$ ) ,  b .  p .  102—
1 0 5 ° / .2 5  mm.
22P r e p a r a t i o n  of 2—(o—A n i s y l )—eth y lb ro m id e  XXXV. A s o l u t i o n
o f  f r e s h l y  d i s t i l l e d  phosphorus  t r i b r o m i d e  ( b . p .  Ipip—J4.6° / l 7 mm.)
and 500 ml.  of  benzene was added g r a d u a l l y  t o  a s o l u t i o n  of
2— (o—a n i s y l ) —e t h y l  a l c o h o l  in  1 .5  1 . o f  benzene a t  i c e  b a th
te m p e r a tu r e .  The r e a c t i o n  m ix tu re  was s t i r r e d  v i g o r o u s l y
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t h ro u g h o u t  th e  a d d i t i o n  and th e n  h e a te d  to  60—75 f o r  f i v e  
h o u r s .  The m ix tu re  was coo led  and th e  e x c e s s  phosphorus  t r i -  
bromide decomposed by a d d i t i o n  of  300 ml.  o f  w a t e r .  The o r ­
gan ic  l a y e r  was s e p a r a t e d  and washed, f i r s t  w i th  10$ sodium
c a rb o n a te  s o l u t i o n ,  th e n  w i th  w a te r .  The benzene was removed 
a t  a tm o sp h e r ic  p r e s s u r e  and th e  p r o d u c t  was d i s t i l l e d  u nder  
vacuum; y i e l d  610 g .  (72%);  b . p . 100—1 1 0 ° / . 5  mm.
17P r e p a r a t i o n  o f  Y —o—M ethoxypheny lbu ty r ic  Acid (XXV). To
a m ix tu re  of  162 g .  (3 moles)  o f  sodium raethoxide in  500 ml.  
of  benzene was added 500 g .  (3 .1 2  moles)  o f  d i e t h y l  m a lo n a te ,  
w i th  s t i r r i n g ,  u n t i l  a homogeneous s o l u t i o n  was o b t a i n e d .  The 
a d d i t i o n  o f  610 g .  (2.81| m oles)  o f  2—(o—a n i s y l ) —e th y lb ro m id e  
in  500 ml. o f  benzene was fo l lo w ed  by h e a t i n g  th e  s o l u t i o n  a t  
a p p ro x im a te ly  70° f o r  twenty—f o u r  h o u r s ,  and u n d e r  r e f l u x  f o r  
one h o u r ,  s o l u t i o n  o f  l+OO g .  (7.2+ m oles)  o f  p o ta s s iu m  hy­
d ro x id e  i n  1 1 .  o f  w a te r  and 350 ml. o f  e t h a n o l  was added 
g r a d u a l l y  to  th e  h o t  r e a c t i o n  m ix t u r e .  Kost of  th e  o rg an ic  
s o l v e n t  was removed w i th  a c u r r e n t  o f  a i r  and 500 ml.  o f  w a te r  
was added .  The m ix tu re  was h e a te d  a t  80° f o r  f o u r  h o u r s ,  
c o o le d ,  e x t r a c t e d  w i t h  benzene ,  and a c i d i f i e d  w i th  825 ml.  of  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The p ro d u c t  which p r e c i p i ­
t a t e d  was c o l l e c t e d  on a f i l t e r ,  washed w i th  w a te r ,  and a i r -  
d r i e d .  The crude  m alon ic  a c id  was d e c a rb o x y la t e d  by h e a t i n g  
a t  175° u n t i l  th e  e v o l u t i o n  o f  carbon  d io x id e  s u b s id e d .  The 
p ro d u c t  was th en  d i s t i l l e d  u n d e r  vacuum; y i e l d  360 g .  ( 6 5 *5%),
b.p. lij.5-lit-7°/.5 mm.
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P r e p a r a t i o n  o f  5~Met hoxy—l —t e t r a 1one (XXVII). During a o n e -  
hour  a d d i t i o n  p e r i o d ,  306 g .  (2 m oles)  o f  phosphorus  oxy— 
c h l o r i d e  was i n t ro d u c e d  dropwise  i n t o  a s o l u t i o n  o f  360 g .  
(1 .8 6  moles)  o f  m e th o x y p h en y lb u ty r ic  a c id  i n  2 .5  1 .  of
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t e t r a c h l o r o e t h a n e . The r e a c t i o n  m ix tu re  was h e a te d  u n d e r  
r e f l u x  f o r  two and o n e - h a l f  h o u r s ,  a f t e r  which  t im e th e  
s o l v e n t  and excess  phosphorus  o x y c h lo r id e  were removed a t  
a s p i r a t o r  p r e s s u r e .  The r e s i d u e  was e x t r a c t e d  w i t h  e t h e r .  
Removal o f  th e  o rg a n ic  s o l v e n t  fo l lo w ed  by vacuum d i s t i l l a ­
t i o n  gave a y e l lo w  o i l  assumed to  be 1 ,1—d i c h l o r o —5—methoxy— 
t e t r a l i n j  y i e l d  72 g.  {17%) ,  b . p .  131—1 3 3 ° /2  mm. I n f r a r e d  
Spectrum (2318) ( f i l m ) ;  775 cm.*"3’, 1260 cm.*"1 , 1575 cm.”’1 .
H y d ro ly s i s  o f  th e  d i c h l o r i d e  XXVI was c a r r i e d  ou t  
by adding  39 g.  ( .1 6 9  mole) o f  1 ,1 —d i c h l o r o —5--m athoxyte tra— 
l i n  i n  f o u r  p o r t i o n s  o v e r  a p e r io d  o f  one h o u r  to  150 m l.  of  
c o n c e n t r a t e d  s u l f u r i c  a c id  a t  i c e —b a t h  t e m p e r a t u r e .  The 
r e a c t i o n  f l a s k  was equipped w i t h  a f i n e  c a p i l l a r y  and an 
a s p i r a t o r  c o n n e c t io n  so t h a t  th e  f l a s k  cou ld  be evacua ted  
d u r in g  th e  a d d i t i o n  p e r i o d .  When the  a d d i t i o n  was com ple te ,  
t h e  reduced p r e s s u r e  was m a in ta in e d  i n  t h e  f l a s k  f o r  an 
a d d i t i o n a l  two hours  w h i le  t h e  te m p e ra tu r e  was p e r m i t t e d  t o  
r i s e  to  room te m p e r a tu r e .  The r e a c t i o n  m ix tu re  was poured 
o v e r  500 g .  of  i c e .  The s o l i d  m a t e r i a l  was c o l l e c t e d  on a 
f i l t e r ,  washed w i th  w a te r  and a i r —d r i e d .  The ke tone  was r e -  
c r y s t a l l i z e d  from p e t ro le u m  e t h e r ;  y i e l d  26 .5  g .  (89$ ) ,  m.p. 
83—86°.  I n f r a r e d  Spectrum (2356);  1260 cm.""1 , 1675 cm.""1 .
P r e p a r a t i o n  of  3 , U—Dihydro—5—methoxy—1—n a p h t h y l a c e t i c  Acid 
T '7(XXVIII) . In  th e  f o l l o w i n g  r e a c t i o n  b o th  z in c  m e ta l  (10
mesh) and z in c  powder were u se d .  The m e ta l  was a c t i v a t e d  by 
washing w i th  d i l u t e  h y d r o c h lo r i c  a c i d ,  w a te r ,  and a c e to n e .
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The powder was a c t i v a t e d  by washing w i th  d i l u t e  sodium hy­
d ro x id e  s o l u t i o n ,  w a te r ,  d i l u t e  h y d r o c h lo r i c  a c i d ,  w a te r ,  
e t h a n o l ,  and a c e to n e .  The powder was found to  be more 
r e a c t i v e  and was used a f t e r  an i n i t i a l  25 g .  o f  the  m e ta l  
had been in t ro d u c e d  i n t o  th e  r e a c t i o n  m ix tu r e .
To a s o l u t i o n  o f  60 g .  ( . 3I4.I mole) o f  5’-methoxy~l— 
t e t r a l o n e  and a few c r y s t a l s  o f  io d in e  i n  800 ml.  o f  e t h e r  
and benzene (1 :1 )  was added 55 g .  ( . 8 5  mole) o f  z in c  and 
90. g (.51+ mole) of  e thy l  b ro m o ace ta te .  Both the  z in c  and 
th e  h a l o e s t e r  were added in  sm a l l  p o r t i o n s  th ro u g h o u t  th e  
f i v e —h o u r  r e f l u x  p e r i o d .  The s o l u t i o n  was coo led  and poured 
i n t o  w a t e r .  A c i d i f i c a t i o n  w i th  a c e t i c  a c id  caused the  form­
a t i o n  o f  two l a y e r s ,  which  were s e p a r a t e d .  The aqueous l a y e r  
was washed w i th  200 ml.  o f  benzene and th e  combined o rg a n ic  
l a y e r s  were washed w i t h  d i l u t e  ammonium h y d ro x id e .  The o r ­
g a n ic  s o l v e n t  was removed and th e  r e s i d u e  was h e a te d  in  150 
m l.  o f  r e f l u x i n g  88$ fo rm ic  a c id  f o r  f o r t y  m in u te s .  The 
fo rm ic  a c id  was th e n  removed under  a s p i r a t o r  p r e s s u r e .  To 
th e  r e s i d u e  c o n t a i n i n g  th e  u n s a t u r a t e d  e s t e r  was added 200 
m l.  o f  methano l  and 150 ml. o f  w a te r  c o n t a i n i n g  60 g .  (1 mole) 
o f  p o ta s s iu m  h y d ro x id e .  The m ix tu re  was h e a te d  under  r e f l u x  
f o r  f i v e  h o u r s ,  c o o le d ,  washed w i th  e t h e r ,  d e c o lo r i z e d  w i th  
c h a r c o a l ,  and a c i d i f i e d  w i t h  h y d r o c h lo r i c  a c i d .  The p r e c i p i ­
ta te  was c o l l e c t e d  and r e c r y s t a l l i z e d  from m ethano l!  y i e l d  
50 g.  ( 7 0 .5 $ ) ,  m.p. 162—168°.
17P r e p a r a t i o n  o f  b—Methoxy—1—n a p h t h y l a c e t i c  Acid (XXIX). 
D ehydrogena t ion  was e f f e c t e d  by mixing 50 g .  ( .2 3  mole) of
3 , l-k-dihy dr o— t  hoxy—1—na p h t h y l a c a t i c  a c id  w i th  9 g* ( .2 8  
mola) of  s u l f u r  and h e a t i n g  to  200—230° f o r  f o r t y —f i v e  
m in u te s .  The r e a c t i o n  f l a s k  was equipped  w i t h  a gas ab so rp ­
t i o n  t r a p  f o r  the  removal of  hydrogen  s u l f i d e  d u r in g  the  
r e a c t i o n  p e r i o d .  The r e a c t i o n  m ix tu re  was coo led  and evacu­
a t e d .  The p ro d u c t  was e x t r a c t e d  w i th  e t h e r .  The e t h e r  ex­
t r a c t  was washed w i t h  10$ sodium h ydrox ide  s o l u t i o n  and the  
b a s i c  s o l u t i o n  was a c i d i f i e d  w i th  h y d r o c h lo r i c  a c i d .  The 
p r e c i p i t a t e  was c o l l e c t e d  on a f i l t e r  and a i r —d r ie d  w i th o u t  
f u r t h e r  p u r i f i c a t i o n !  y i e l d  IJ4. g .  ( 28$ ) ,  m.p. 19^—196° .
17P r e p a r a t i o n  of  6—Methoxyacenaphthenone (XXX). To 160 ml. 
o f  p o ly p h o sp h o r lc  a c id  a t  60° ,  li|. g .  ( .0 6 5  mole) o f  5” « 9thoxy— 
1—n a p h t h y l a c e t i c  a c id  was added g r a d u a l l y  w i t h  v ig o ro u s  s t i r ­
r i n g .  The r e a c t i o n  m ix tu re  was th e n  h ea ted  s lo w ly  to  100° 
and m a in ta in e d  a t  t h i s  t e m p e ra tu r e  f o r  t h i r t y  m in u te s .  The 
m ix tu re  was cooled  t o  25°, poured over  i c e  and e x t r a c t e d  
w i th  t h r e e  100 m l .—p o r t i o n s  of  e t h e r .  The combined e t h e r  
e x t r a c t s  were washed f i r s t  w i th  10$ sodium h ydrox ide  s o l u t i o n ,  
th e n  w i th  w a te r ,  and d r i e d  over  anhydrous magnesium s u l f a t e .  
The o rg an ic  s o lv e n t  was removed and th e  p ro d u c t  was r e c r y s t a l — 
l i z e d  from p e t ro le u m  e t h e r  a f t e r  t r e a t m e n t  w i th  d e c o l o r i z i n g  
c h a r c o a l ;  y i e l d  l\. g .  (31$) ,  m.p. ll+O—1)4.2° .  I n f r a r e d  Spectrum 
(253i+); 1695 cm.""1 .
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P r e p a r a t i o n  of o<—Hydrindone (XXXI). Dry hydrogen c h l o r i d e
gas was pas sed  th ro u g h  80 g .  ( .6 9  mole) o f  f r e s h l y  d i s t i l l e d  
indene f o r  s i x  ho u rs  w h i le  th e  t e m p e ra tu re  of  th e  s o l u t i o n  was
1+8
m a in ta in e d  a t  5—10° .  The c rude  h a l i d e  was t r a n s f e r r e d  t o  a 
250 ml. C l a i s e n  f l a s k  and d i s t i l l e d  a t  a s p i r a t o r  p r e s s u r e .
A sm a l l  f o r e r u n  c o n t a i n i n g  indene was d i s c a r d e d  and th e  
p ro d u c t  b o i l i n g  a t  90—110° was c o l l e c t e d ;  y i e l d  80 g .
(76% ).  The c h lo ro h y d r in d e n e  th u s  o b ta in e d  was added d r o p -  
wise to  a s o l u t i o n  o f  100 g .  (1 mole) o f  chromic an hydr ide  
i n  200 ml.  o f  w a te r  and a c e t i c  a c id  ( 1 : 1 ) m a in ta in ed  a t  35—
I4.O0 by e x t e r n a l  c o o l i n g ,  i i f t e r  th e  a d d i t i o n  was com ple te ,  
th e  s o l u t i o n  was s t i r r e d  f o r  f i f t e e n  m inu tes  and th e n  d i l u t e d  
w i th  300 ml.  o f  w a te r .  The a c id  p r e s e n t  was n e u t r a l i z e d  w i th  
s o l i d  sodium c a r b o n a te .  The p ro d u c t  was e x t r a c t e d  w i th  e t h e r  
and d r i e d  over  anhydrous magnesium s u l f a t e .  The o rg a n ic  s o l ­
v e n t  was removed and a f t e r  d i s t i l l a t i o n  u nder  a s p i r a t o r  p r e s ­
s u r e ,  t h e  ke tone  s o l i d i f i e d  in  c o l o r l e s s  c r y s t a l s ;  y i e l d  35 g .  
(51$) ,  b . p .  126—1 2 8 ° / l6  mm. I n f r a r e d  Spectrum (2015);  1700 
cm."’’*-.
27P r e p a r a t i o n  of  1—C hlo ro m e th y ln ap h th a len e  (XXXII). A 
s o l u t i o n  of  258 g .  (2  moles)  o f  n a p h t h a l e n e ,  110 g .  o f  p a r a ­
fo rm a ldehyde ,  260 ml.  o f  g l a c i a l  a c e t i c  a c i d ,  165 ml.  o f  85$ 
p h o sp h o r ic  ac id  and 382 ml.  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  
was p re p a re d  i n  a 3—1 . f l a s k  and h e a te d  a t  80—85° f o r  s i x  
hours  w i th  v ig o ro u s  s t i r r i n g .  The r e a c t i o n  m ix tu re  was coo led  
below 20° ,  t r a n s f e r r e d  t o  a 2—1 . s e p a r a t o r y  f u n n e l  and washed 
f i r s t  w i th  two 1—1 .—p o r t i o n s  o f  w a te r  coo led  to  5"”l 5° ,  then  
w i th  500 ml,  o f  co ld  10$ p o ta ss iu m  c a rb o n a te  s o l u t i o n ,  and 
f i n a l l y  w i th  500 m l .o f  co ld  w a te r .  The washed p ro d u c t  was
k-9
d i s s o l v e d  i n  200 ml.  o f  e t h e r  and d r i e d  w i th  anhydrous 
p o ta s s iu m  c a rb o n a t e  f o r  one day .  The e t h e r  s o l v e n t  was r e ­
moved and th e  r e s i d u a l  o rg a n ic  m a t e r i a l  was d i s t i l l e d  u n d e r  
vacuum. A f t e r  a f o r e r u n  o f  ex c e s s  n a p h th a le n e  was r e c o v e re d ,  
th e  p ro d u c t  was c o l l e c t e d ;  y i e l d  180 g .  (60%), b . p .  120—
1 3 5 ° / .5  mm.
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P r e p a r a t i o n  o f  Q —(1—N a p h th y l )—p r o p io n ic  Acid (XXXIV).
To a coo led  s o l u t i o n  of  65 g .  ( 1 . 2  moles)  o f  sodium methox— 
ide  in  600 ml.  of a b s o l u t e  a l c o h o l  was added 2lj.0 g .  (1 .5  m oles)  
o f  m alonic  e s t e r  fo l lo w ed  by 180 g .  (1 .0 2  moles)  o f  1—c h l o r o — 
m e th y ln a p h th a l e n e . The a d d i t i o n s  were c a r r i e d  ou t  w i th  con­
t i n u o u s  s t i r r i n g  a f t e r  which th e  r e a c t i o n  m ix tu re  was h e a te d  
u nder  r e f l u x  f o r  f o u r  h o u r s .  D i l u t i o n  w i th  100 ml.  o f  w a te r  
fo l lo w ed  by n e u t r a l i z a t i o n  w i th  h y d r o c h lo r i c  a c id  l e d  to  the  
f o r m a t io n  o f  two l a y e r s  which were s e p a r a t e d .  The aqueous 
l a y e r  was e x t r a c t e d  w i t h  e t h e r  and th e  combined o rg an ic  f r a c ­
t i o n s  were washed w i th  10% sodium c a rb o n a te  s o l u t i o n  and d i ­
l u t e  h y d r o c h lo r i c  a c i d .  The o rg an ic  m a t e r i a l  was d r i e d  and 
th e  s o l v e n t  and ex c e s s  m alon ic  e s t e r  removed u n d e r  a s p i r a t o r  
p r e s s u r e .  The r e s i d u a l  o i l  was d i s t i l l e d  u n d e r  vacuum; y i e l d  
o f  e s t e r  190 g .  ( 62%), b . p .  165- 170° / l  mm.
The s a p o n i f i c a t i o n  was c a r r i e d  ou t  by add ing  th e  e s t e r  
t o  a s o l u t i o n  of  160 g .  (ij. moles)  o f  sodium h ydrox ide  in  900 
ml.  o f  w a te r .  The m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  f o u r  
h ou rs  and th e n  more w a te r  was added t o  d i s s o l v e  a l l  th e  sodium 
s a l t .  The r e a c t i o n  m ix tu re  was a c i d i f i e d  w i th  h y d r o c h lo r i c
50
a c id  and th e  p r e c i p i t a t e  c o l l e c t e d  on a f i l t e r  and p r e s s e d  
d ry .  The m alonic  a c id  was d e c a rb o x y la te d  by h e a t i n g  to  160° 
u n t i l  th e  e v o l u t i o n  o f  carbon  d io x id e  had s u b s id e d .  The 
p ro d u c t  was r e c r y s t a l l i z e d  from b en z en e -m e th an o l j  y i e l d  120 
g .  (9 5 $ ) ,  m .p .  I51f-156°.
P r e p a r a t i o n  of  2 ,3—D ihydrophenalone  by C y c l i z a t i o n  w i t h
28Aluminum C h lo r id e  (XXXV). A m ix tu re  of  1+0 g .  (0 .2  mole) 
o f  -~( 1—n a p h t h y l )—p r o p io n ic  a c id  and 128 g .  (1 .08  moles)  
o f  t h i o n y l  c h l o r i d e  was h e a te d  under  r e f l u x  f o r  one and o n e -  
h a l f  hou rs  d u r i n g  which t ime d i s s o l u t i o n  was c o m p le te .  The 
excess  t h i o n y l  c h l o r i d e  was removed a t  a s p i r a t o r  p r e s s u r e .
To the  c rude  a c id  c h l o r i d e  was added 2l±0 g .  o f  n i t r o b e n z e n e  
and 26.8  g .  (0 .2  mole) o f  aluminum c h l o r i d e .  The l a t t e r  
r e a g e n t  was added g r a d u a l l y  w h i le  the  t e m p e ra tu r e  was con­
t r o l l e d  w i th  an i c e - s a l t  m ix t u r e .  The r e a c t i o n  m ix tu re  was 
s t i r r e d  in  t h e  co ld  f o r  one a d d i t i o n a l  ho u r ,  c o n c e n t r a t e d  
f i r s t  a t  0 ° ,  then  a t  20° and poured over  i c e .  The o rgan ic  
l a y e r  was s e p a r a t e d  and washed w i th  10$ sodium c a rb o n a te  s o lu ­
t i o n .  The n i t r o b e n z e n e  was d i s t i l l e d  a t  a s p i r a t o r  p r e s s u r e  
and the  r e s i d u e  was e x t r a c t e d  w i th  e t h e r .  A f t e r  th e  e t h e r  
was removed th e  p ro d u c t  was p u r i f i e d  by a d s o r p t i o n  chroma­
to g ra p h y .  A column of  a c id —washed alumina (30 cm. by 2 .5  cm.) 
was packed by th e  s l u r r y  method w i th  benzene—cyc lohexane  (1 : 1 ) .  
The c rude  p ro d u c t  was adsorbed  on the  column and e l u t e d  w i th  
500 ml. o f  the  same mixed s o l v e n t .  This  amount o f  s o l v e n t  
e l u t e d  e s s e n t i a l l y  a l l  th e  p ro d u c t  w h i le  most o f  th e  h ig h l y  
c o lo re d  im p u r i ty  remained on the  column. This  p ro ce d u re  was
51
r e p e a t e d  a second t ime and th e  p ro d u c t  was f i n a l l y  r e c r y s t a l ­
l i z e d  from benzene—c y c lo h e x a n e ; y i e l d  7 g .  ( 19$ ) ,  m.p. 78—81° .
o 26The reco rd ed  m e l t i n g  p o i n t  f o r  t h i s  ke tone  i s  86 .
P r e p a r a t i o n  of  2 .3—Dihydrophenalone  by G y c l i z a t i o n  w i th
?6Hydrogen F lu o r i d e  (XXXV). A pprox im ate ly  85 g.  (I4--25 moles)  
of  anhydrous hydrogen f l u o r i d e  was condensed i n  a 100 ml.  
p o ly e th y le n e  tube  a t  Dry Ice—t r i c h l o r o e t h y l e n e  t e m p e r a tu r e .
The a c id  was poured i n t o  a lj.00 ml.  p o ly e th y l e n e  b e a k e r  con­
t a i n i n g  28 g .  (O.llj. mole) of   — (1—n a p h t h y l ) —p r o p io n ic  a c i d .
The deep red  s o l u t i o n  which formed im m edia te ly  was a l low ed to  
s ta n d  a t  room te m p e ra tu re  f o r  two and one—h a l f  h o u r s ,  d u r in g  
which t ime most of th e  hydrogen f l u o r i d e  e v a p o r a t e d .  The r e s i ­
due was then  poured over  I4.OO g .  o f  i c e  and th e  o rg an ic  m a t e r i a l ,  
which s e p a r a te d  as  a red  o i l ,  s o l i d i f i e d  t o  a y e l lo w  s o l i d  a f t e r  
be in g  s t i r r e d  f o r  s e v e r a l  m in u te s .  The s o l i d  m a t e r i a l  was c o l ­
l e c t e d  on a f i l t e r ,  washed w i th  w a t e r ,  t a k e n  up i n  300 ml.  of 
e t h e r —benzene (1 : 2 ) ,  and washed w i th  10$ sodium c a rb o n a te  so lu ­
t i o n .  The o rg a n ic  s o l v e n t  was c o n c e n t r a t e d  i n  o r d e r  t o  remove 
the  e t h e r  and d i l u t e d  w i th  200 ml.  o f  c y c lo h ex a n e .  The s o l u t i o n  
was passed  th ro u g h  a column of  a c id —washed alumina (3 cm. by 
20 cm.) and th en  th e  column was e l u t e d  w i th  1 .5  1 . of  t h e  same 
s o l v e n t .  Pour e q u a l  f r a c t i o n s  were c o l l e c t e d ,  th e  f i r s t  con­
t a i n i n g  5 g. o f  2 ,3 —d ih y d ro p h en a lo n e .  The s o l i d  m ix tu re  from 
th e  t h r e e  su cceed in g  f r a c t i o n s  was d i s s o lv e d  in  100 m l.  of th e  
same s o l v e n t ;  t h i s  s o l u t i o n  was passed  th ro u g h  a f r e s h  column 
and e l u t i o n  c a r r i e d  ou t  as  p r e v i o u s l y  d e s c r i b e d .  The f i r s t  
f r a c t i o n  c o n ta in e d  9 g .  o f  th e  d e s i r e d  k e to n e ,  w h i le  the  sue—
52
ce e d in g  t h r e e  f r a c t i o n s  c o n ta in e d  m i x t u r e s .  No f u r t h e r  a t t e m p t  
was made t o  s e p a r a t e  th e  m i x t u r e s .  The t o t a l  y i e l d  o f  2 ,3~  
d ihyd rophena lone  was lij. g .  (55$)»  m.p.  78-»8l°. I n f r a r e d  Spec­
trum ( 21^ 8 0 ) ;  1680 cm."’i .
a  29P r e p a r a t i o n  of  2—N ap h th y l )—p r o p io n ic  Acid (XXXVI).
Carbon t e t r a c h l o r i d e  was d r i e d  a z e o t r o p i c a l l y  and d i s t i l l e d .  
P r a c t i c a l  g rade  2—m e th y ln a p h th a le n e  was d i s t i l l e d  th ro u g h  an 
e i g h t - i n c h  column; b . p .  237^238°. N—Bromosucclnimide was 
ev acua ted  a t  0 .5  mm. p r e s s u r e  over  phosphorus  p e n to x id e  f o r  
t e n  h ou rs  and used im m ed ia te ly .
To lp25 g .  (3 moles)  o f  2 -m e th y ln ap h th a len e  d i s s o lv e d  
in  1 .3  1 . of  ca rbon  t e t r a c h l o r i d e  was added 268 g .  (1 .5  moles)  
o f  N—brom osuccin im ide  a t  one t ime and th e  m ix tu re  was h ea ted  
under  r e f l u x  f o r  one day w i th  f r e q u e n t  s t i r r i n g .  The m ix tu re  
was t h e n  co o led ,  t h e  s o l i d  su c c in im id e  was c o l l e c t e d  on a 
f i l t e r  and th e  s o l v e n t  was removed a t  a s p i r a t o r  p r e s s u r e .  The 
ex c e s s  2—m eth y ln a p h th a le n e  was d i s t i l l e d  u n d e r  vacuum ( b .p .
90-110°/3  mm.).
A s o l u t i o n  o f  th e  r e s i d u a l  c rude  h a l i d e  i n  I4.OO ml. 
o f  a b s o l u t e  e t h a n o l  was added to  a s o l u t i o n  o f  sodium d i— 
e th y lm a lo n a te  p re p a re d  from Lp6 g .  (2  moles)  o f  sodium m e ta l ,
800 m l.  o f  a b s o l u t e  e t h a n o l ,  and 368 g .  ( 2 .3  moles)  o f  d i— 
e t h y lm a lo n a te .  A f t e r  a r e f l u x  p e r io d  o f  f o u r  and one—h a l f  
h o u r s ,  the  s o l u t i o n  was c o o le d ;  th e  f l a s k  was equipped w i th  
a condense r  s e t  f o r  downward d i s t i l l a t i o n ,  and I . I 4. 1 . of 
e t h a n o l  was removed. A m ix tu re  o f  th e  rem a in in g  m a t e r i a l  
and a s o l u t i o n  o f  I4.OO g. (10 moles)  o f  sodium hydrox ide  in
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2 .5  1 . o f  w a te r  was h e a te d  u n d e r  r e f l u x  f o r  f i v e  h o u r s .
The s a l t  was d i s s o l v e d  w i th  a d d i t i o n a l  w a te r  and the  d i l u t e d  
r e a c t i o n  m ix tu re  a c i d i f i e d  w i t h  h y d r o c h lo r i c  a c i d .  The p r e ­
c i p i t a t e  was c o l l e c t e d  on a f i l t e r  and a i r - d r i e d .  The s o l i d  
was h e a te d  t o  ll+O—lV ?0 and m a in ta in e d  a t  t h i s  t e m p e ra tu re
u n t i l  the  e v o l u t i o n  o f  ca rb o n  d io x id e  s u b s id e d .  The ^  —
( 2—n a p h t h y l ) —p ro p io n ic  a l e d ,  o b ta in e d  i n  t h i s  way, was r e -  
c r y s t a l l i z e d  from benzene ;  y i e l d  71+ g .  (1 2 . 3$ ) ,  m.p. 132—
13V5. I n f r a r e d  Spectrum (3386);  1705 cm.”"2' ,  3000 cm."”1 
( b r o a d ) .
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P r e p a r a t i o n  of  1+,5—Benzindanone—3 (3QCXVII). A m ix tu re  
o f  13 g .  ( .0 6 5  mole) o f  @ — ( 2—n a p h t h v l )—p r o p io n ic  a c id  and 
20 m l.  ( 0 .17  mole) o f  s t a n n i c  c h l o r i d e  was h e a te d  in  an o i l  
b a t h  a t  130° f o r  t h r e e  h o u rs  w i th  co n t in u o u s  s t i r r i n g .  The 
r e a c t i o n  m ix tu re ,  which s o l i d i f i e d  a f t e r  c o o l in g ,  was powdered 
and e x t r a c t e d  w i th  1 1 . o f  r e f l u x i n g  e t h e r  f o r  t h r e e  and o n e -  
h a l f  h o u r s .  The m ix tu re  was f i l t e r e d ,  and th e  e t h e r e a l  f i l ­
t r a t e  was washed w i th  10$ sodium c a rb o n a te  s o l u t i o n  and d r i e d  
ove r  anhydrous magnesium s u l f a t e .  Removal o f  th e  o rg an ic  
s o l v e n t  fo l lo w ed  by r e c r y s t a l l i z a t i o n  o f  the  r e s i d u e  from ben­
zene—hexane le d  t o  2 g .  o f  th e  d e s i r e d  k e to n e .  4n a d d i t i o n a l  
0 .5  g« o f  ke tone  was o b ta in e d  by d i g e s t i n g  th e  rem ain ing  
s o l i d ,  a f t e r  th e  e t h e r  e x t r a c t i o n ,  w i th  b o i l i n g  c o n c e n t r a t e d  
h y d r o c h lo r i c  a c id  and e x t r a c t i n g  th e  coo led  aqueous m ix tu re  
w i th  e t h e r .  The ketone,  amounting t o  2 .5  g .  (2 1 $ ) ,  e x h i b i t s  
a m e l t in g  p o i n t  of  103 .5—1 Olj.• 5° a f t e r  t r e a t m e n t  w i t h  c h a r c o a l
5k
and r e c r y s t a l l i z a t i o n  from benzene—h e x a n e . I n f r a r e d  Spec­
trum (3385) ;  1685 cm.*”1 . U l t r a v i o l e t  Spectrum (CH2Cla );
239 in/i i k - k k ) ,  305 mfi ( 3 . 9 7 ) ,  332 mji (3 . 6 6 ) .
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SECTION I I  
BAEYEft-VILLIGER OXIDATION OP KETONES
Attempted O x id a t io n  of 2.2"*Diphenylacanaphthanone (XV) w i th  
P e rm o n o su l fu r ic  A c id . The peroxy  a c id  "d ry  r e a g e n t "  was 
p re p a re d  by mixing 150 g .  o f  p o ta s s iu m  s u l f a t e ,  55 g .  o f  con­
c e n t r a t e d  s u l f u r i c  a c i d ,  and 50 g .  of  p o ta s s iu m  p e r s u l f a t e  
th o ro u g h ly  w i th  a m o r ta r  and p e s t l e .  The peroxy  a c id  was 
added g r a d u a l l y  to  a s o l u t i o n  o f  3 g .  ( , 0091+ mole) o f  2 , 2— 
d ip h e ny lacenaph thenone  in  300 ml.  o f  g l a c i a l  a c e t i c  a c i d .
The h e te ro g en e o u s  r e a c t i o n  m ix tu re  was s t i r r e d  c o n t i n u a l l y  
d u r in g  th e  twenty  m inute  a d d i t i o n  p e r i o d .  The r e a c t i o n  was 
t h e n  a l low ed  to  p roceed  f o r  seven days a t  room te m p e ra tu re  
w i th  o c c a s i o n a l  s t i r r i n g .  A f t e r  t h i s  t im e ,  a s o l u t i o n  of  
55 g .  ( .9 8  mole) o f  p o ta s s iu m  h ydrox ide  i n  55 ml.  o f  w a te r  
was added, the  in o rg a n ic  s a l t  f i l t e r e d ,  and washed w i th  1+00 
ml.  o f  g l a c i a l  a c e t i c  a c i d .  The a c e t i c  a c id  was removed from 
th e  combined f i l t r a t e s  a t  a s p i r a t o r  p r e s s u r e  and th e  r e s i d u e  
was e x t r a c t e d  w i th  ch lo ro fo rm .  The ch lo ro fo rm  s o l u t i o n  was 
washed w i th  10$ sodium c a rb o n a te  s o l u t i o n ,  d r i e d  over  an­
hydrous magnesium s u l f a t e ,  and ev a p o ra te d  to  d r y n e s s .  The 
r em a in ing  w h i te  s o l i d ,  c o l l e c t e d  on a f i l t e r  and r e c r y s t a l — 
l i z e d  from e t h a n o l  has  a m e l t i n g  p o i n t  of  167—171° and 
appeared  t o  be unchanged s t a r t i n g  m a t e r i a l .  No ev id en ce  f o r  
the  d e s i r e d  l a c t o n e  was found .
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Attempted O x id a t io n  of  2 .2—D ipheny lacenaphthenone  (XV) with. 
P e r o x y a c e t i c  A c id . In  a t y p i c a l  ru n ,  1 ml.  ( .0 0 5  mole) o f  
commercial 1+0% p e r o x y a c e t i c  a c id  was added to  a s o l u t i o n  of 
1 g .  ( .0 0 3  mole) o f  2 , 2—d ip h en y lacen ap h th en o n e  i n  175 ml.  o f  
s u l f u r i c  a c id —a c e t i c  a c id  ( 2 : 3 ) .  s o l u t i o n  was l e f t  a t
room te m p e ra tu r e  f o r  tw enty  ho u rs  d u r in g  which t ime th e  c o l o r  
changed from y e l lo w  to  deep r e d .  The r e a c t i o n  m ix tu re  was 
n e u t r a l i z e d  w i th  sodium c a rb o n a te  s o l u t i o n  and e x t r a c t e d  w i th  
e t h e r .  The e t h e r  e x t r a c t  was d r i e d  ove r  magnesium s u l f a t e ,  
t r e a t e d  w i th  d e c o l o r i z i n g  c h a r c o a l ,  and evap o ra ted  to  d ry n e s s .  
A f t e r  one r e c r y s t a l l i z a t i o n  from e t h a n o l  the  p ro d u c t  m e l t s  a t  
124.0—114-9° • I n f r a r e d  Spectrum ( 889 ) (Nujo l)  ; 1715 cm.'*’1 .
G ene ra l  P ro ced u re  f o r  th e  Use of  T r i f l u o r o p e r o x y a c e t i c  Acid. 
The f o l lo w in g  o x i d a t i o n  r e a c t i o n s  w i th  t r i f l u o r o p e r o x y a c e t i c  
a c id  were c a r r i e d  ou t  in  s t a n d a r d  t a p e r  th re e -n e c k e d  f l a s k s  
equipped w i th  co n d en se r ,  s t i r r e r ,  and d ropp ing  f u n n e l  w i th  
p r e s s u r e  e q u a l i z e r  tu b e .  The t r i f l u o r o p e r o x y a c e t i c  a c id  was 
p re p a re d  by add ing  t r i f l u o r o a c e t i c  an hydr ide  dropwise i n t o  
a su sp e n s io n  of  90^ hydrogen p e ro x id e  in  m ethylene  c h l o r i d e  
a t  i c e —b a t h  t e m p e r a tu r e .  The a d d i t i o n  was c a r r i e d  o u t  ove r  
a t h i r t y  m inu te  p e r io d  w i th  c o n s t a n t  s t i r r i n g .  The peroxy  
a c id  was a l low ed to  warm to  room te m p e ra tu re  and was then  
added dropwise  t o  a m ix tu re  of  th e  ke tone  in  m ethylene  c h lo ­
r i d e  s w i r le d  w i th  d isodium hydrogen p h o s p h a te .  The r e a c t i o n  
m ix tu re  b o i l e d  v i g o r o u s ly  th ro u g h o u t  th e  a d d i t i o n  of  peroxy  
a c i d ,  which g e n e r a l l y  r e q u i r e d  ab o u t  one ho u r .  The r e a c t i o n
m ix tu re  was then  h e a te d  under  r e f l u x  f o r  v a r y in g  l e n g t h s  of  
t ime in  each  i n d i v i d u a l  c a s e .  I t  was c o o le d ,  and th e  in­
o rg a n ic  s a l t s  were c o l l e c t e d  on a f i l t e r  and washed w i th  
a d d i t i o n a l  p o r t i o n s  of  m ethy lene  c h l o r i d e .  The combined o r ­
gan ic  f i l t r a t e s  were washed f i r s t  w i th  10^  sodium c a rb o n a te  
s o l u t i o n ,  then  w i th  w a te r ,  and d r i e d  o v e r  anhydrous magnesium 
s u l f a t e .  The removal o f  th e  o rg an ic  s o l v e n t  l e d  t o  r e c o v e ry  
o f  n e u t r a l  p r o d u c t s ,  w h i le  a c i d i c  p r o d u c t s  were r ec o v e re d  by 
a c i d i f i c a t i o n  o f  th e  sodium c a rb o n a te  w ash in g s .
The two methods o f  a n a l y s i s  employed in  t h e s e  r e a c t i o n s
were io d o m e tr ic  t i t r a t i o n  and i n f r a r e d  s p e c t r o s c o p y .  The iodo—
\
m e t r i c  method was e s s e n t i a l l y  t h a t  d e s c r ib e d  by H a w th o rn e . -^  
A l iq u o t s  were t a k e n  a t  r e g u l a r  i n t e r v a l s  d u r in g  th e  r e a c t i o n  
p e r io d  and quenched in  25% s u l f u r i c  a c id  c o n t a i n i n g  p o ta ss iu m  
i o d i d e .  The l i b e r a t e d  io d in e  was th e n  t i t r a t e d  w i t h  s t a n d a r d  
sodium t h i o s u l f a t e  s o l u t i o n  u n t i l  the  m ethy lene  c h l o r i d e  l a y e r  
was c o l o r l e s s .  A l iq u o t s  examined by i n f r a r e d  s p e c t ro s c o p y  
were quenched in  w a te r ,  t a k e n  up i n  e t h e r ,  x^ashed once w i th  
10%> sodium c a rb o n a te  s o l u t i o n ,  and d r i e d  o v e r  anhydrous mag­
nesium s u l f a t e .  The e t h e r  s o l v e n t  was removed and th e  s p e c t r a  
o f  the  r e s i d u e s  de te rm ined  in  ch lo ro fo rm  s o l u t i o n .
O x id a t io n  o f  2 .2 —D lpheny lacenaphthenone  (XV). The peroxy  
a c i d ,  p r e p a re d  from 25 - k  m l.  (0 .1 8  mole) o f  t r i f l u o r o a c e t i c  
an h y d r id e  and if.,1  ml.  (0 .1 5  mole) o f  90% hydrogen p e ro x id e  
i n  50 m l.  o f  m e thy lene  c h l o r i d e ,  was added dropwise  t o  a 
s o l u t i o n  o f  3 .2  g .  (0 .01  mole) of  ke tone  XV i n  75 ml.  o f  
m ethylene  c h l o r i d e  s w i r le d  w i th  65 g .  (0 .i+6 mole) of anhydrous
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disodium hydrogen p h o sp h a te .  The a d d i t i o n  r e q u i r e d  t h i r t y  
m inu tes  and th e  r e a c t i o n  m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  
f o r  f o u r  h o u r s .  The in o rg a n ic  s a l t s  from th e  coo led  r e a c t i o n  
m ix tu re  were c o l l e c t e d  on a f i l t e r  and washed w i th  t h r e e  100— 
ml. p o r t i o n s  of m ethylene  c h l o r i d e .  The combined o rg an ic  
f i l t r a t e s  were washed w i th  100 m l.  o f  10% sodium c a rb o n a te  
s o l u t i o n  and d r i e d .  Removal of  th e  o rgan ic  s o l v e n t  l e f t  a 
t r a c e  amount of red  o i l .  I n f r a r e d  Spectrum (1190) ;  1715 
era."1 , 3>k$0 cm."”1 . The a d d i t i o n  o f  h y d r o c h lo r i c  a c id  t o  the  
b a s ic  wash s o l u t i o n  gave a p r e c i p i t a t e  which ,  a f t e r  two r e -  
c r y s t a l l i z a t i o n s  from benzene ,  was i n  th e  form of  a w h i te  
s o l i d ;  y i e l d  0 .3 5  g .  (10%),  m.p. 238—214.8° .  I n f r a r e d  Spec­
trum (1125 ) ;  1710 cm.~1 , 1730 cm.” 1 , 3000 era.” 1 ( b ro a d ) .
This  m a t e r i a l  was d i s s o l v e d  in  10%> sodium h ydrox ide  s o l u t i o n  
and a c i d i f i e d  by adding  th e  b a s i c  s o l u t i o n  t o  h y d r o c h lo r i c  
a c i d .  The p r e c i p i t a t e  was c o l l e c t e d  on a f i l t e r  and a i r -  
d r i e d  ; m.p. 22I4.—225.5° . I n f r a r e d  Spectrum (1176) (H a lo -  
ca rb o n ,  N u jo l ) ;  1715 cm."” , 2600 era.*”1 , 3 4^-90 cm."”1 .
The f o l lo w in g  a t t e m p t  was made to  c y c l i z e  the  p h e n o l ic  
ac id  p o r t i o n  of  the  m ix tu r e .  A sm a l l  sample (0 .1  g . )  was 
h ea ted  under  r e f l u x  f o r  t h r e e  hours  in  d i l u t e  s u l f u r i c  ac id  
(1 :10  by volume).  The h e te ro g en eo u s  m ix tu re  was c o o led ,  
e x t r a c t e d  w i th  e t h e r ,  and d r i e d  ove r  magnesium s u l f a t e .  Re­
moval of the  o rg an ic  s o lv e n t  l e f t  a w h i te  s o l i d ,  m.p.  233—
23h° • d e t e r m in a t io n  o f  a m ix tu re  m e l t i n g  p o i n t  w i th  the
s t a r t i n g  m a t e r i a l  showed a d e p r e s s io n ,  m.p .  22ip—227°.  I n f r a ­




A p o s i t i v e  f e r r i c  c h l o r i d e  tesi!  was o b ta in e d  by d i s ­
s o lv in g  a sm a l l  amount o f  t h i s  m a t e r i a l  i n  ch lo ro fo rm  and 
add ing  one drop o f  2% f e r r i c  c h l o r i d e  s o l u t i o n  and one drop 
of  p y r i d i n e .
On th e  b a s i s  o f  th e  fo r e g o in g  e x p e r im e n ta l  r e s u l t s ,  
th e  p r o d u c t s  were a s s ig n e d  as  d ip h e n y l—( 8—hydroxy—1—n a p h t h y l ) — 
a c e t i c  a c id  (XXXIX) and i t s  l a c t o n e  XXXVIII.
O x id a t io n  of  ^cenaphthenone  (XX). In  t h i s  i n i t i a l  ru n ,  the  
peroxy a c i d ,  p re p a re d  from 8 ml.  (0 .053  mole) o f  t r i f l u o r o — 
a c e t i c  a n h y d r id e  and 1 .2  ml.  ( 0 .0 4 4  mole) o f  90% hydrogen 
p e ro x id e  in 15 ml. o f  m ethylene  c h l o r i d e ,  was added to  a 
m ix tu re  o f  5 g .  (0 .029  mole) of  ke tone  XX in  50 ml.  o f  methy­
len e  c h l o r i d e  which was s w i r l e d  w i th  1 8 .4  g .  (0 .1 3  mole) of 
d isodium hydrogen p h o s p h a te .  The a d d i t i o n  r e q u i r e d  t h i r t y  
m inu tes  and th e  m ix tu re  was h ea ted  u n d e r  r e f l u x  f o r  one h o u r .  
The p ro d u c t  o b ta in e d  by removal of th e  o rg a n ic  s o lv e n t  was 
r e c r y s t a l l i z e d  from a benzene—hexane m ix tu re  and m e l t s  a t  
100-115° .  I n f r a r e d  Spectrum (1478) ;  1715 cm .-* ,  1765 cm."”* .  
The band a t  h i g h e r  f r e q u e n c y  was t e n t a t i v e l y  a s s ig n e d  to  (8— 
hydroxy—1—n a p h t h y l )—a c e t i c  a c id  l a c t o n e  (XL). The band a t  
low er  f r e q u e n c y  i s  c o n s i s t e n t  w i th  t h a t  of th e  s t a r t i n g  
m a t e r i a l  XX. The m ix tu re  was s e p a r a t e d  by a d s o r p t i o n  chroma*— 
t o g r a p h y .
A column of ac id -w ashed  a lumina (30 cm. by 2 .5  era.) 
was p re p a re d  by th e  s l u r r y  method w i t h  m ethy lene  c h l o r i d e .  A
0.935  g .  sample was adsorbed  on the  column in  20 ml.  o f  the  
same s o l v e n t .  The column was developed  and 40 ml.  f r a c t i o n s
were c o l l e c t e d  th ro u g h o u t  th e  p r o c e s s .  E l u t i o n  was as  f o l l o w :  
100$ m ethy lene  c h l o r i d e  (5 f r a c t i o n s ) ,  10$ d i e t h y l  e t h e r  in  
methy lene  c h l o r i d e  (2 f r a c t i o n s ) ,  50$ d i e t h y l  e t h e r  i n  m e thy l­
ene c h l o r i d e  (5 f r a c t i o n s ) ,  100$ d i e t h y l  e t h e r  (1 f r a c t i o n ) ,
10$ e t h a n o l  i n  d i e t h y l  e t h e r  (2  f r a c t i o n s ) ,  95$ e t h a n o l  (2  
f r a c t i o n s ) .  F r a c t i o n s  2 and 3 co n ta in e d  0 .67  g .  o f  ke tone  (71$ 
of  th e  t o t a l . s a m p l e  a d d e d ) .  Each of  th e  o t h e r  f r a c t i o n s  con­
t a i n e d  t r a c e  amounts o f  o i l .  The i n f r a r e d  spectrum  (1558) of  
f r a c t i o n  8 c o n t a i n s  a g r e a t l y  i n t e n s i f i e d  band in  th e  r e g io n  
of  1765 cm.~’x .
Second Run. The peroxy  a c i d ,  p re p a re d  as  d e s c r ib e d  above,  
was added to  a m ix tu re  o f  3 g .  ( .018  mole) o f  ke tone  i n  50 ml.  
o f  m ethy lene  c h l o r i d e  and 1 8 . Ip g .  o f  d isodium hydrogen phos­
p h a t e .  The a d d i t i o n  r e q u i r e d  t h i r t y  m in u te s  and th e  m ix tu re  
was h e a te d  u nder  r e f l u x  f o r  f i v e  h o u r s .  The p ro d u c t  o b ta in e d  
by removal o f  th e  s o l v e n t  was p u r i f i e d  by chrom atography .
A column of a c id —washed alumina (30 cm. by 2 .5  cm.) 
was p re p a re d  as  above w i th  10$ m ethy lene  c h l o r i d e  in  p e t r o ­
leum e t h e r .  4 - 1 .1 2  g .  sample was adso rbed  on th e  column in  
10 ml.  o f  m ethy lene  c h l o r i d e .  The column was developed  and 
ipO ml.  f r a c t i o n s  were c o l l e c t e d .  The e l u t i o n  was as f o l l o w s :  
10$ m ethy lene  c h l o r i d e  in  pe t ro leu m  e t h e r  (2 f r a c t i o n s ) ,  50$ 
m ethy lene  c h l o r i d e  in  p e t ro le u m  e t h e r  (2 f r a c t i o n s ) ,  10$ 
p e t ro leu m  e t h e r  in  m ethy lene  c h l o r i d e  (2 f r a c t i o n s ) ,  100$ 
m ethy lene  c h l o r i d e  (2 f r a c t i o n s ) ,  10$ d i e t h y l  e t h e r  i n  m ethy l­
ene c h l o r i d e  (16 f r a c t i o n s ) ,  100$ d i e t h y l  e t h e r  (3 f r a c t i o n s ) ,  
95$ e t h a n o l  (3 f r a c t i o n s ) .  F r a c t i o n s  5 S 6, and 7, when com­
b in e d ,  c o n ta in e d  .67 g .  o f  ke tone  (60$ o f  i n i t i a l  sample
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by w e i g h t ) .  Each o f  th e  o t h e r  f r a c t i o n s  c o n t a in e d  a t r a c e  
amount of o i l .  The i n f r a r e d  spectrum  (1575) o f  f r a c t i o n  16 
c o n t a in s  a s i n g l e  band i n  th e  ca rb o n y l  r e g i o n  a t  1765 cm.'4 .
Third Run. A l a r g e  ex cess  o f  peroxy  a c i d ,  p re p a re d  from 67 
ml.  (O.lj.8 mole) o f  t r i f l u o r o a c e t i c  an h y d r id e  and 1 0 .8  ml.
(0 . ip mole) o f  90$ hydrogen p e ro x id e  in  100 ml.  of  m ethy lene  
c h l o r i d e  was added to  8 g .  (O.Oif.7 mole) of  ke to n e  i n  100 ml.  
of  m ethy lene  c h l o r i d e  and II4.2 g .  o f  b u f f e r .  The a d d i t i o n  
r e q u i r e d  two hours  and the  m ix tu re  was h e a te d  under  r e f l u x  
f o r  two and o n e - h a l f  h o u r s .  The amount of  o rg a n ic  m a t e r i a l  
r e c o v e re d  from the  u s u a l  work—up was n e g l i g i b l e .
F o u r th  Run.. The peroxy  a c i d ,  p rep a red  from 1 .98  ml.  ( .0 9 5  
mole) of  90$ hydrogen p e ro x id e  and 16 .1  ml.  (.111+ mole) of 
t r i f l u o r o a c e t i c  an h y d r id e  in  25 ml.  of m e thy lene  c h l o r i d e  
was added to  a m ix tu re  of 8 g .  ( . 014-75 mole) o f  ke tone  in  
50 m l.  of m e thy lene  c h l o r i d e  and ij.1 g .  of  b u f f e r .  The a d d i ­
t i o n  r e q u i r e d  t h i r t y  m inu tes  a f t e r  which th e  r e a c t i o n  was 
hea ted  under  r e f l u x  f o r  tw e n t y - f o u r  h o u r s .  The removal of  
methylene  c h l o r i d e  s o lv e n t  i n  t h i s  case  l e d  t o  I4..5 g .  of 
s o l i d  m a t e r i a l .  The m ix tu re  was s e p a r a t e d  by ch rom atography .
The column was p re p a re d  as  p r e v i o u s l y  d e s c r ib e d  w i th  
a s o l u t i o n  of 50$ m ethylene  c h l o r i d e  in  p e t ro le u m  e t h e r .  A 
sample of  1 .2 8  g .  of  th e  m ix tu re  was adso rbed  on th e  column 
in  a minimum amount of  the  same s o l v e n t .  The e l u t i n g  p ro c e s s  
was c a r r i e d  ou t  as  f o l l o w s ,  I4.0—ml. f r a c t i o n s  b e in g  c o l l e c t e d  
in  ea ch  c a s e :  50$ pe t ro le u m  e t h e r  in  m ethy lene  c h l o r i d e  (4
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f r a c t i o n s ) ,  25$ p e t ro le u m  e t h e r  i n  m e thy lene  c h l o r i d e  {8 
f r a c t i o n s ) ,  10% d i e t h y l  e th e r  i n  m e thy lene  c h l o r i d e  (2 f r a c ­
t i o n s ) ,  100$ d i e t h y l  e th e r  (2 f r a c t i o n s ) ,  ,95$ e th a n o l  ( ip f r a c ­
t i o n s ) .  F r a c t i o n s  ip th ro u g h  7 c o n ta in e d  0 .833 g .  of  ke tone  
(65$ o f  t o t a l  sample by w e ig h t ) .  In  a d d i t i o n ,  on ly  t r a c e s  of  
o i l s  were found i n  f r a c t i o n s  8 and 15—20.
S i m i l a r  r e s u l t s  were observed  when t h i s  p ro ced u re  was 
r e p e a te d  w i th  a 2 . ip g. sample of  the  o r i g i n a l  m ix t u re .
F i f t h  Hun. The f o l lo w in g  r e a c t i o n  was run  i n  the  absence  of  
b u f f e r .  The peroxy  a c i d ,  p re p a re d  from 1 .98  ml.  ( .095  mole) 
of  90$ hydrogen p e ro x id e  and 16 .1  ml.  ( .H ip  mole) o f  t r i — 
f l u o r o a c e t i c  an h y d r id e  in  25 ml.  o f  m ethylene  c h l o r i d e ,  was 
added dropwise  i n t o  a s o l u t i o n  o f  8 g .  ( . Oip75 mole) of  ke tone  
i n  30 m l.  o f  m e thy lene  c h l o r i d e .  The exo therm ic  r e a c t i o n  
caused th e  m ix tu re  t o  b o i l  th ro u g h o u t  the  f o r t y —f i v e  m inute  
a d d i t i o n  p e r i o d .  Heated under  r e f l u x  f o r  t h i r t y  m in u te s ,  the  
r e a c t i o n  m ix tu re  was a lm o s t  b l a c k .  Ketone ,  amounting to  O.lp g.  
(5%) ,  was rec o v e re d  in  th e  u s u a l  manner; a f t e r  r e c r y s t a l l i z a — 
t i o n  from aqueous e t h a n o l ,  i t  m e l t s  a t  115-119° .  I n f r a r e d  
Spectrum (1760) ;  1710 cm.”’’2’ .
S ix th  Run. The f i n a l  r e a c t i o n  in v o lv ed  the  use  of  an  ex tended  
r e a c t i o n  p e r i o d .  The peroxy  a c i d ,  p re p a re d  from 6 ml.  (.0lp3 
mole) o f  t r i f l u o r o a c e t i c  an h y d r id e  and 1 ml.  ( .037  mole) o f  
90$ hydrogen  p e ro x id e  in  5 ml.  of m ethylene  c h l o r i d e ,  was 
added to  3 . Ip g .  ( .0202  mole) o f  th e  ke tone  i n  50 ml.  of methy­
l e n e  c h l o r i d e  s w i r le d  w i t h  13 g .  o f  b u f f e r .  A f t e r  th e  r e a c t i o n  
was h e a te d  under  r e f l u x  f o r  twenty—f o u r  hours  a 0 .2  ml.  a l l —
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quo t  was removed and ana lyzed  by i n f r a r e d  s p e c t r o s c o p y .  In­
f r a r e d  Spectrum (2713);  1710 cm.”'1 , 1760 cm.""3' .  This  means 
of  a n a l y s i s  x^ ras r e p e a t e d  a f t e r  ij.8 h o u rs  and 5k  h o u r s ,  d u r ing  
which  t ime th e  r e a c t i o n  was c o n t i n u a l l y  s t i r r e d  and h ea ted  
u nder  r e f l u x .  I n f r a r e d  S p ec t ra  (2720) (2728) ;  1710 cm,"’1 , 
1760 cm.*"1 .
At t h i s  t ime th e  same amount o f  p e r a c id  i n i t i a l l y  
used was p r e p a re d  and In t ro d u c e d  i n t o  th e  r e a c t i o n  m ix t u r e .  
The a n a l y s i s  was r e p e a t e d  a f t e r  68 hours  and f i n a l l y  a f t e r  
15k  hours  o f  r e f l u x i n g .  I n f r a r e d  S p ec t ra  (2728 )(2 7 3 6 ) ;
1710 cm."’1 , 1760 cm.""1 .
The r e a c t i o n  m ix tu re  was hand led  in  th e  u s u a l  manner 
and removal of  o rg an ic  s o l v e n t  l e f t  0 .2  g .  (6%) o f  c rude  
k e to n e ,  m.p.  115—118°.
O x id a t io n  o f  6—Methoxyacenaphthenone (XXX). The peroxy  a c i d ,  
p re p a re d  as  d e s c r ib e d  in  th e  p r e c e d in g  r e a c t i o n ,  was added 
dropwise  o v e r  a p e r io d  of  f o r t y  m inu tes  t o  a m ix tu re  o f  g .  
( .0202  mole) of  6—raethoxyacenaphthenone in  50 ml.  o f  methy­
l e n e  c h l o r i d e  s w i r l e d  w i th  1 g .  ( .0 9 2  mole) o f  b u f f e r .  A f t e r  
a f i v e —h o u r  r e f l u x  p e r io d  a 0 . 2  m l.  a l i q u o t  was removed from 
the  r e a c t i o n  m ix tu re  and ana lyzed  by i n f r a r e d  s p e c t r o s c o p y .  
I n f r a r e d  Spectrum (2656) ;  1700 cm.*"1 . The second a l i q u o t  was 
removed a f t e r  r e f l u x i n g  f o r  a t o t a l  of 2k  h o u r s .  I n f r a r e d  
Spectrum (2657 ) ;  1700 cm.""1 , 1775 cm."4’. The t h i r d  a l i q u o t  
was removed a f t e r  a ij.8—hour  r e f l u x  p e r i o d .  I n f r a r e d  Spectrum 
(2661);  1700 cm ."1 , 1775 cm.""1 . When t h i s  a l i q u o t  was d i s —
so lved  In  e t h e r  and washed a second t ime w i th  10$ sodium c a r ­
b o n a te  s o l u t i o n ,  th e  1775 era."’1’' band had d i s a p p e a re d  In  the  
spec trum  of  t h e  n e u t r a l  f r a c t i o n .  The i n f r a r e d  spec trum  of 
t r i f l u o r o a c e t i c  ac id  was de te rm ined  f o r  com par ison .  I n f r a r e d  
Spectrum (2662);  1775 cm."4 . The r e a c t i o n  was h e a te d  under  
r e f l u x  f o r  a t o t a l  o f  54 h o u r s .  The i s o l a t i o n  o f  p ro d u c t  was 
hand led  in  th e  u s u a l  manner.  Removal o f  th e  m ethylene  c h lo ­
r i d e  s o l v e n t  le d  to  2 g .  o f  unchanged s t a r t i n g  m a t e r i a l ,  which 
was r e c r y s t a l l i z e d  from pe t ro leu m  e t h e r ,  m.p.  140—1420 . In­
f r a r e d  Spectrum (2681);  1700 cm.” 1 . The i n f r a r e d  spectrum 
( 2681) of th e  m a t e r i a l  o b ta in e d  by n e u t r a l i z a t i o n  of  th e  b a s i c  
wash s o l u t i o n  and a l s o  t h a t  r e s u l t i n g  from d i s s o l v i n g  the  
b u f f e r  in  w a te r  fo l lo w ed  by e t h e r  e x t r a c t i o n  of  th e  aqueous 
s o l u t i o n  e x h i b i t e d  o n ly  the  1700 era.”'3' band.
O x id a t io n  of  ‘X—Hydrindone (XXXI). The peroxy a c i d ,  p re ­
pared  from 4*1 m l.  (0 .1 5  mole) o f  90$ hydrogen p e ro x id e  and 
2 5 .4  m l.  (0 .18  mole) of  t r i f l u o r o a c e t i c  an h y d r id e  i n  25 ml.  
o f  m ethylene  c h l o r i d e ,  was in t ro d u c e d  dropwise  i n t o  a m ix tu re  
of  13 .2  g .  (0 .1  mole) o f  o< —hydr indone  i n  75 ml.  of  methylene  
c h l o r i d e  and 65 g .  ( -46  mole) of  b u f f e r .  The a d d i t i o n  r e ­
q u i r e d  t h i r t y  m in u te s ,  a f t e r  which time the  r e a c t i o n  was h ea ted  
u nder  r e f l u x  and fo l lo w ed  by io d o m e tr ic  t i t r a t i o n s .  There was 
no change i n  peroxy  a c id  c o n c e n t r a t i o n  a f t e r  f o u r  and one—h a l f  
h o u r s .  The p ro d u c t  was i s o l a t e d  i n  the  u s u a l  manner and a f t e r  
removal o f  th e  o rg an ic  s o l v e n t ,  3 , 4”"dikydrocoumarin waa d i s ­
t i l l e d  a t  reduced  p r e s s u r e ;  y i e l d  7*5g .(5 l$ ) ,  b . p .  147—I 5 l ° / l 6 mm.
I n f r a r e d  Spectrum (1999) 5 1750 cm.”"i .
H y d ro ly s i s  o f  th e  3 , i+—d ih y d ro co u m sr in  was c a r r i e d  
ou t  in  the  f o l l o w in g  manner. A 3 g .  sample was d i s s o l v e d  in  
6 m l.  o f  d i e t h y l e n e g l y c o l  and a 10% s o l u t i o n  o f  p o ta s s iu m  
h ydrox ide  was added w i th  h e a t i n g  u n t i l  th e  odor o f  e s t e r  was 
no lo n g e r  e v i d e n t ;  t h i s  r e q u i r e d  h e a t i n g  a t  130° f o r  one h o u r .  
The m ix tu re  was e x t r a c t e d  w i th  e t h e r  and the  aqueous s o l u t i o n  
was n e u t r a l i z e d  w i t h  23% s u l f u r i c  a c i d .  The n e u t r a l  s o l u t i o n  
was e x t r a c t e d  w i th  e t h e r ,  d r i e d  over  anhydrous magnesium s u l ­
f a t e  and the  v o l a t i l e  s o l v e n t  removed. The p ro d u c t  c r y s t a l — 
l i z e d  from th e  r e s i d u a l  d i e t h y l e n e g l y c o l  when c o o le d ;  y i e l d  
.i |  g.  (1 3%), m.p.  82—83° .  This m e l t i n g  p o i n t  i s  i d e n t i c a l
35w i th  t h a t  r e co rd ed  f o r  m e l i l o t i c  a c i d .
D ehydrogena t ion  of  3 A ’~8ihydrocoumarin  was c a r r i e d  
ou t  in  th e  f o l l o w in g  manner.  A m ix tu re  of  2 .6 9  g .  ( .018  mole) 
o f  the  l a c t o n e  was h e a te d  w i th  1 .17  g .  o f  3% p a l la d iu m  on 
c h a r c o a l  f o r  e i g h t  hours  a t  215—225°• The m ix tu re  was ex­
t r a c t e d  w i th  e t h e r  and f i l t e r e d .  The f i l t r a t e  was c o n c e n t r a t e d  
and th e  p ro d u c t  was d i s t i l l e d  u nder  vacuum; b .p .  97—1030/0.If. 
mm. The d i s t i l l a t e  was d i s s o l v e d  in  10% po ta ss iu m  h y d ro x id e ,  
washed w i th  e t h e r  and a c i d i f i e d .  This a c i d i c  m ix tu re  was 
e x t r a c t e d  w i th  e t h e r ,  and th e  e t h e r  e x t r a c t  washed w i th  10$ 
sodium c a rb o n a te  s o l u t i o n .  The e t h e r  s o l u t i o n  was c o n c e n t r a t e d  
and d i l u t e d  w i th  p e t ro le u m  e t h e r .  The coumarin c r y s t a l l i z e d  
from the  coo led  s o l u t i o n ;  y i e l d  .2  g .  (8 $ ) ,  m.p. 67 .5—69°.  
I n f r a r e d  Spectrum (2012) ;  1720 cm.'™2' ,  ( i d e n t i c a l  to  t h a t  de­
te rm ined  of  an a u t h e n t i c  sample o f  co u m ar in ) .  A m ix tu re
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m e l t in g  p o i n t  w i th  an a u t h e n t i c  sample showed no d e p r e s s i o n .
O x id a t io n  o f  2 .3 —D ihydrophenalone  (XXXV). A s o l u t i o n  of  
peroxy  a c i d ,  p r e p a re d  from 3 ml.  ( .1 1  mole) of  90$ hydrogen 
p e ro x id e  and 20 ml.  ( . lJLf.2 mole) o f  t r i f l u o r o a c e t i c  an h y d r id e  
in  25 ml.  o f  m ethy lene  c h l o r i d e ,  was added dropwise  t o  a 
mixture... of  15 g .  ( .0825  mole) o f  2 , 3-»dihydrophanalone in  120 
ml.  o f  m ethylene  c h l o r i d e  s w i r le d  w i t h  50 g. ( .3 5  mole) o f  
b u f f e r .  The a d d i t i o n  r e q u i r e d  one hou r  and a t t e m p t s  t o  
f o l lo w  th e  r e a c t i o n  by io d o m e tr ic  t i t r a t i o n  were hampered by 
c o l o r a t i o n  of th e  r e a c t i o n  m ix t u r e .  A lthough  th e  acc u ra c y  
o f  th e  t i t r a t i o n s  i s  q u e s t i o n a b l e ,  th e y  gave i n d i c a t i o n  of  
e s s e n t i a l l y  no ex c e s s  peroxy  a c id  a f t e r  a f i v e  and o n e -h a l f ,  
hour  r e f l u x  p e r i o d .  By th e  p ro ced u re  p r e v i o u s l y  d e s c r ib e d  
t h e r e  was o b ta in ed  11 g .  o f  crude  o i l  which was d i s t i l l e d  
u nder  vacuum; y i e l d  5-5  g .  (3 3 *6$ ) ,  b . p .  137"-li4-5° / 0 . 2 mm. 
I n f r a r e d  Spectrum (2568);  1680 cm.~i , 1750 cm."”1 . The mix­
t u r e  was s e p a r a te d  by a d s o r p t i o n  chrom atography .
A column o f  a c id —washed alumina (35 cm. by 2 .5  cm.) 
was p re p a re d  by th e  s l u r r y  method w i th  50$ m ethy lene  c h l o r i d e  
in  pe t ro leu m  e t h e r .  A 1 .1 2  g .  sample was adsorbed  on the  
column in  10 ml.  o f  the  same s o l v e n t .  The e l u t i o n  p ro c e s s  
was c a r r i e d  out i n  th e  f o l lo w in g  manner and lj.0 ml.  f r a c t i o n s  
were c o l l e c t e d ;  50$ m ethylene  c h l o r i d e  in  pe t ro leu m  e t h e r  
(5 f r a c t i o n s ) ,  100$ methylene  c h l o r i d e  (3 f r a c t i o n s ) ,  50$ 
d i e t h y l  e t h e r  in  m ethy lene  c h l o r i d e  (2  f r a c t i o n s ) ,  100$ d i ­
e t h y l  e t h e r  (8 f r a c t i o n s ) ,  50$ d i e t h y l  e t h e r  in  95$ e t h a n o l  
(2 f r a c t i o n s ) ,  95$ e t h a n o l  (8 f r a c t i o n s ) .  The ke tone  was
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e l u t e d  f i r s t ,  the  m a jo r  p o r t i o n s  a p p e a r in g  in  f r a c t i o n s  10 
and 11. The ke tone  was fo l lo w ed  by a m ix tu re  of  ketone and 
l a c t o n e  and f i n a l l y  l a c t o n e ,  i d e n t i f i e d  in  f r a c t i o n  23* In­
f r a r e d  Spectrum (2577);  1750 cm."”1 . F r a c t i o n s  23 th ro u g h  28 
were t a k e n  up in  e t h e r ,  combined, and th e  s o lv e n t  removed.
The r e s i d u e  e x h i b i t e d  a d ec re a se d  s o l u b i l i t y  in  ch lo ro fo rm ,  
th e  s o l v e n t  i n  which  th e  p r e v io u s  spec trum  was d e te rm in ed .  
I n f r a r e d  Spectrum ( 2 5 9 1 ) (H alocarbon ,  N u jo l ) ;  1700—1735 cm.” 1 
d o u b l e t ,  3325 cm.”'1 ( a t t r i b u t a b l e  t o  p a r t i a l  h y d r o l y s i s  of 
l a c t o n e  t o  p h e n o l i c  a c i d . )
This m ix tu re  was d i s s o lv e d  in  d i l u t e  sodium hydrox­
i d e ,  washed w i th  e t h e r ,  and a c i d i f i e d .  The p r e c i p i t a t e  which 
formed was t a k e n  up in  e t h e r ,  d r i e d  w i th  anhydrous magnesium 
s u l f a t e ,  and a f t e r  removal of th e  v o l a t i l e  s o l v e n t ,  r e c r y s t a l — 
l i z e d  t h r e e  t im es  from benzene—ey e lo h ex a n e ,  m.p. 130—131°♦
Anal .  C a lcd .  f o r  C13Hl s 03 : C, 7 2 .20 ;  H, 5 .60
Found: C, 7 2 .0 2 ;  H, 5.1+8 
I t  r e a c t e d  p o s i t i v e l y  toward 2% f e r r i c  c h l o r i d e .  I n f r a r e d  
Spectrum ( 2787 ) ;  1685 cm."”1 , 31+00 cm.”"1 .
An a t t e m p t  was made to  c y c l i z e  th e  p h e n o l ic  ac id  by 
s u b l i m a t io n  a t  135“~llj-0o/ l 0  mm. The m a t e r i a l  th u s  o b ta in ed  
i s  a m ix t u r e .  I n f r a r e d  Spectrum ( 3 1 3 7 ) ( f i l m ) ; 1700 cm.”4',
171+5 cm.” 1 ,  31+00 cm.” 1 .
The s t a r t i n g  m a t e r i a l  was r e co v e re d  by a b a s i c  wash 
of  th e  p ro d u c t  m ix tu re  fo l lo w ed  by an e t h e r  e x t r a c t i o n  of 
th e  r e s i d u e ;  1 .5  g .  (10%).
A s i m i l a r  r e a c t i o n ,  fo l lo w ed  by i n f r a r e d  a n a l y s i s ,
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in vo lved  a t o t a l  r e f l u x  p e r io d  o f  29 .5  h o u r s .  The r e s u l t s  
were e s s e n t i a l l y  the  same.
O x id a t io n  o f  Li.5—Benzindanone—3 (XXXVII). The peroxy  a c i d ,  
p rep a red  as  d e s c r ib e d  in  th e  p r e v io u s  r e a c t i o n ,  was added to  
a m ix tu re  o f  13 .5  g .  (.07i+ mole) o f  lf.,5—benzindanone~3 in  
120 ml.  o f  m ethylene  c h l o r i d e  s w i r l e d  w i th  50  g .  ( . 3 5  mole) 
of  b u f f e r .  The a d d i t i o n  r e q u i r e d  one and one—h a I f  h o u r s ,  
a f t e r  which r e f l u x i n g  was m a in t a in e d .  The r e a c t i o n  was 
fo l low ed  by i n f r a r e d  a n a l y s i s .  The f i r s t  t h r e e  a l i q u o t s  
were removed from th e  r e a c t i o n  m ix tu re  a f t e r  I4. .5 , 6 . 5 , and
13 hours  o f  r e f l u x i n g .  I n f r a r e d  S p e c t ra  (3I4.IO) (3^11) (3^13);
I
1685 cm.”"1 , 1755 cm.*"1 . An a d d i t i o n a l  amount of peroxy  a c id  
was p r e p a r e d ,  eq u a l  i n  q u a n t i t y  t o  t h a t  p r e v i o u s l y  d e s c r ib e d ,  
and in t ro d u c e d  i n t o  th e  r e a c t i o n  m ix tu re  a f t e r  a t o t a l  r e f l u x  
p e r io d  o f  26 h o u r s .  The f o u r t h  and f i f t h  a l i q u o t s  were r e ­
moved a f t e r  29*5 and 120 hours  of  r e f l u x i n g ,  r e s p e c t i v e l y .  
I n f r a r e d  S p ec t ra  (3l|lil-) (3^-16); 1685 cm.'-’1 , 1755 era.” 1 . The 
work—up was c a r r i e d  out as  b e f o r e .  Removal o f  th e  m ethylene  
c h l o r i d e  s o l v e n t  le d  t o  unchanged k e to n e ,  which m e l t s  a t  99— 
102° a f t e r  one r e c r y s t a l l i z a t i o n  from benzene—hexane and 
whose i n f r a r e d  spectrum i s  i d e n t i c a l  w i th  t h a t  of  th e  s t a r t i n g  
m a t e r i a l ;  y i e l d  2 .3  g .  (1 7 $ ) .  N e u t r a l i z a t i o n  o f  the  10$ 
sodium ca rb o n a te  wash s o l u t i o n ,  fo l lo w ed  by e x t r a c t i o n  w i th  
e t h e r  and removal o f  th e  s o l v e n t  l e f t  a y e l lo w  s o l i d .  This 
p r o d u c t ,  a f t e r  two r e c r y s t a l l i z a t i o n s  from benzene—hexane 
and one from i s o p r o p y l  a l c o h o l  e x h i b i t s  a m e l t in g  p o i n t  of
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189-192° ;  y i e l d  1 .5  g .  (1 3 $ ) .  I n f r a r e d  Spectrum (3l|70) (H a lo -  
c a rb o n ,  N u j o l ) ;  1650 cm."”1 , 1750 cm.”"1 , 3250 cm. i .
The p ro d u c t  m ix tu re  was sublimed a t  l 8 5 ° / l O  mm. The 
s u b l im a te  has  a m e l t in g  p o i n t  of 178—190°.  I t  g iv e s  the  
c h a r a c t e r i s t i c  pheno l  t e s t  w i th  2$ f e r r i c  c h l o r i d e .  I n f r a r e d  
Spectrum (3511);  1665 cm.'”1 , 1700 cm.”"1 , 3325 cm.””1 .
Attempted dehy d ro g en a t io n  of  th e  p ro d u c t  m ix tu re  was 
performed in  th e  f o l lo w in g  manner. A .ij-2 g .  sample of  th e  
m ix tu re  and 0 .2  g.  of  5$ p a l l a d iu m  on c h a rc o a l  were h e a te d  a t  
r e f l u x  te m p e ra tu re  i n  15 ml.  of  m e s i ty l e n a  f o r  e i g h t  and one— 
h a l f  h o u r s .  The m ix tu re  was f i l t e r e d  and th e  f i l t r a t e  con­
c e n t r a t e d  a t  a s p i r a t o r  p r e s s u r e .  The r e s i d u e  was ta k e n  up in  
e t h e r  and washed th o ro u g h ly  w i th  10$ sodium c a rb o n a te  s o l u t i o n ,  
fo l lo w ed  by washing w i th  10 ml.  o f  10$ sodium h ydrox ide  so lu ­
t i o n .  The e t h e r  s o l v e n t  was removed and th e  r e s i d u e  was ex­
t r a c t e d  w i th  b o i l i n g  10$ sodium h yd rox ide  s o l u t i o n  f o r  f i f t e e n  
m in u te s .  A sm a l l  amount o f  o rg an ic  m a t e r i a l  was reco v e red  
a f t e r  n e u t r a l i z a t i o n  and e x t r a c t i o n  w i th  e t h e r .  I n f r a r e d  
Spectrum (3528) ;  1705 cm."”1 .
The P r e p a r a t i o n  of  7 . 8—Benzcoumarin. This l a c t o n e  was p r e ­
pared  by an a l t e r n a t e  s y n t h e s i s  f o r  the  pu rpose  o f  com par ison .  
A s o l u t i o n  of  li+ g .  ( .097  mole) of  £<_—n a p h th o l  and 13 g.
( .097  mole) o f  m a l ic  a c id  i n  52 g ,  o f  c o n c e n t r a t e d  s u l f u r i c  
a c id  was warmed g e n t l y  on a s team b a t h  and th e n  w i th  a f lame 
u n t i l  th e  e v o l u t i o n  o f  ca rbon  d io x id e  had s u b s id e d .  The s o lu ­
t i o n  was c o o le d ,  poured o v e r  200 g .  o f  i c e  and al lowed to  
s ta n d  u n t i l  t h e  o i l  s o l i d i f i e d .  The s o l i d  was c o l l e c t e d  on a
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f i l t e r ,  washed w i th  a c e to n e  and a f t e r  two r e c r y s t a l l i z a t i o n s
o 3 6from aqueous a l c o h o l  m e l t s  a t  139—lif-l .
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SUMMARY
In an e f f o r t  to  d e te rm in e  th e  r e l a t i v e  im por tance  of  
s t e r i c  and e l e c t r o n i c  e f f e c t s  in  th e  Baeyer—V i l l i g e r  r e a c t i o n ,  
a v a r i e t y  of a ro m a t ic  c y c lo a lk a n o n e s  were p re p a re d  and sub­
j e c t e d  to  o x i d a t i o n  w i th  t r i f l u o r o p e r o x y a c e t i c  a c id  in  methy­
le n e  c h l o r i d e  s o l u t i o n .  In  a d d i t i o n  to  the  expec ted  c a rb o n y l  
r e a c t i o n  e f f e c t e d  by t h i s  r e a g e n t ,  namely th e  fo rm a t io n  of  
l a c t o n e s ,  the  n u c l e a r  o x i d a t i o n  r e a c t i o n  r e s u l t i n g  i n  fragmen­
t a r y  c l e a v a g e  o f  the  i n i t i a l  p ro d u c t  o c c u r r e d .
The k e to n es  s tu d i e d  in  t h e i r  o r d e r  o f  r e a c t i v i t y  
r e l a t i v e  to  a c e n a p h th e n o n e , f o r  which the  most th o ro u g h  in ­
v e s t i g a t i o n  was made, a r e  as f o l l o w s :  —hyd r i n  do n e . 2 ,3 —
d ih y d ro p h e n a lo n e , 2 ,2—d ip h e n y la c e n a p h th e n o n e , >  acenaphthenone 
Ij.,5””benzindanone—3• Also s tu d i e d  was th e  o x id a t i o n  of 
5--inethoxyacenaphthenone in  which case  n u c l e a r  o x i d a t i o n  i s  
g r e a t l y  f a c i l i t a t e d .  The observed  r e s u l t s  p ro v id e  ev idence  
f o r  the  two competing r e a c t i o n s  and c l e a r l y  dem o n s t ra te  the  
s e n s i t i v i t y  of th e  B a e y e r - V i l l i g e r  r e a c t i o n  t o  minor s t r u c ­
t u r a l  changes in  h i g h l y  s t r a i n e d  sy s tem s .  The r e l a t i v e  o r d e r  
o f  r e a c t i v i t y ,  in  view of  th e  r a t h e r  s u b t l e  d i f f e r e n c e s  in  
s t e r i c  and e l e c t r o n i c  e f f e c t s ,  has  been r a t i o n a l i z e d  on the  
b a s i s  o f  th e  ene rgy  b a r r i e r  t o  c a rb o n y l  a d d i t i o n .
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